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A mi familia y amigos, 

“A weasel fell in love with a young man
and begged Aphrodite to turn her into
a woman so that she could marry him.
The goddess agreed, and made the weasel
into a woman. The weasel put on her wedding
gown, and was sitting at the banquet table
with the wedding guests. But out of nowhere
there suddenly appeared a mouse.
The weasel/bride tried to resist but to no
avail: she leaped up and ran after the mouse,
abandoning her husband and the guests.
The goddess, much offended, turned her
back into an animal: the weasel did not
deserve to be a human bride”
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La gente que me conoce, sabe lo importante y lo difícil que es para mí escribir los 
agradecimientos de esta Tesis Doctoral. Después de mucho pensar y dejarlo para el final, decidí 
escribir un prefacio en el que quería contar mi historia. Como todas las historias, existe un 
comienzo y un final. Por tanto, esta historia solo puede comenzar de una manera, y no es otra 
que con mis padres. Aprovecho estas líneas para agradecerles todo lo que han hecho por mí, ya 
que ellos fueron los que amplificaron este sueño que es ser paleontólogo, ¡muchas gracias!
Desde que tengo uso de razón, podría definirme como una persona reservada, inquieta, 
curiosa  —cotilla según algunos— y soñadora a la que le llama mucho la atención la naturaleza. 
Uno de las primeras memorias que conservo, proviene de hace mucho, mucho tiempo… cuando 
yo era un niño de tres años. Recuerdo vagamente, que estaba junto con mi abuelo Antonio 
en un parque jugando y haciendo carreras con él y unos animales de juguete — un oso pardo 
y un tigre siberiano que aún conservo —, casualidades de la vida, ambos eran mamíferos 
carnívoros, animales que dos décadas después han tenido una gran importancia en mi vida. 
Según fui creciendo, mi pasión por los animales y la naturaleza siguió aumentando y era solo 
cuestión de tiempo que me topara con los dinosaurios y la paleontología. Ya en 1993, quería ser 
paleontólogo, incluso antes del estreno de la icónica película de Parque Jurásico — que tantas 
generaciones de paleontólogos ha forjado. Lo cual, en una época sin internet, redes sociales, ni 
tantos medios audiovisuales como en la actualidad, era bastante inusual que un niño de 7 años 
tuviera tan claro lo que quería ser de mayor. A partir de esa época llegó el boom de Atapuerca 
y me interesé más por la paleontología humana, sin dejar nunca de lado a los animales. Con el 
paso del tiempo, terminé el colegio y el instituto, y todo el mundo (profesores, familia, amigos…) 
me recomendaban encarecidamente que no estudiara paleontología porque no tenía salida — 
he de reconocer que razón, en parte, no les faltaba. Finalmente opté por estudiar biología en la 
Universidad de Alcalá, ciudad donde nací, con la idea de hacer zoología, pero haciendo alguna 
asignatura de paleontología para quitarme el gusanillo. Desgraciada o afortunadamente —según 
el estado anímico que tengo cuando lo pienso—, el gusanillo me duró toda la vida. En 2006, 
durante mi segundo año de carrera tuve la oportunidad de poder participar en una excavación 
paleontológica, pudiendo elegir entre Atapuerca, Pinilla del Valle y Batallones. Para ir, había 
que hacer un trabajo sobre una de ellas y entregárselo al profesor de paleontología (Ignacio 
Martínez). He de decir honestamente que solo conocía Atapuerca, y no había oído nunca nada 
en mi vida sobre los otros dos yacimientos. Como soy un poco ansias, hice los tres trabajos, 
uno para cada yacimiento, y de nuevo por azares de la vida, acabe yendo a Batallones. Ahí 
comenzó todo. Recuerdo perfectamente mi primera campaña de excavación —la cual llevaba 
soñando durante toda mi vida. Empecé excavando 10 días en Batallones-5 donde no encontré 
absolutamente nada y de repente un día tuve la oportunidad de ir a Batallones-3, yacimiento 
donde prácticamente todos los fósiles eran de tigres dientes de sable y osos (¿os suena?). Allí 
conocí a unas grandes personas y amigos. Desde 2006, llevo yendo campaña tras campaña y 
van 11 camino de 12. Año tras año, el número de excavadores en Batallones-3 fue aumentando 
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desde 4 hasta más de 20 en alguna ocasión. En 2013 tuve la gran responsabilidad de hacerme 
cargo del yacimiento, y desde entonces rodeado del director de la excavación Jorge Morales 
y de grandes amigos y alumnos que año tras año nos ayudan en la extracción de los fósiles, 
seguimos al pie del cañón, en uno de los yacimientos junto con Bat-1 más importantes para los 
carnívoros del Mioceno superior de todo el registro fósil. Probablemente este 2017, sea el último 
año de excavación para Batallones-3, debido a que ya está prácticamente excavado, por lo que 
personalmente, sería un bonito broche para esta tesis y para el yacimiento al que tanto cariño 
tengo, finalizar ambos virtualmente al mismo tiempo. Fin de ciclo.
Por último, echando la vista atrás, muchas cosas han cambiado en mi vida, para bien y para 
mal, desde que empecé este viaje llamado Tesis Doctoral. Tengo que acordarme especialmente 
de mis abuelos Antonio, Emilio y Paula, los cuales les hubieran gustado ver el final de esta tesis 
y que por supuesto, nunca olvidaré. Igualmente, este viaje me ha permitido conocer a gente 
maravillosa alrededor de todo el planeta que nunca hubiera imaginado, ni de lejos, que llegaría 
a conocer. Por tanto, a pesar de lo duro, solitario y poco gratificante que  a veces resulta la 
investigación, estoy enormemente agradecido a toda la gente buena que me he encontrado y 
que me han ayudado en mis viajes por Carolina del Sur, Nueva York, Florida, Washington DC, 
Chicago, Estocolmo, Uppsala, Viena, Izmir, Paşalar, Madrid, Barcelona, Valencia, Valladolid…
Ni en mis mejores sueños pensé que gracias a la paleontología podría haber vivido todo esto.
Agradecimientos  
No tengo palabras para agradecer de corazón a todas las personas que me han ayudado de 
una u otra forma a lo largo de estos años. De verdad, muchas gracias, moltes gràcies, thank you 
so much, Merci beaucoup, vielen dank, tack så mycket, teşekkürler. 
En primer lugar tengo que agradecer a mis tres codirectores y verdaderos amigos —Jorge 
Morales, Marián Álvarez Sierra y Juan Abella — la confianza, apoyo y ayuda que me han dado, 
así como la total libertad que he tenido para la realización de esta tesis doctoral, apoyándome 
siempre que han podido — moral y económicamente—, incluso en mis locas ideas sobre los 
posibles capítulos de esta tesis. Agradezco a Jorge Morales todo lo que me ha enseñado sobre 
paleontología en general y sobre los carnívoros en particular. Soy consciente de lo pesado que 
puedo llegar a ser con mis preguntas y dudas sobre cualquier cosa, y te agradezco de verdad, 
que nunca me hayas dejado sin las respuestas buscadas. Mucho he aprendido sobre mustélidos 
durante este tiempo y te lo debo todo a ti. Nunca olvidaré cuando al principio me corregías 
mis primeros textos sobre Eomellivora, y tu famosa frase al enseñármelas: “menos mal que 
los dos tenemos sentido del humor, sino, mal vamos…”, junto con “en esta vida no te fíes ni 
de tu padre” son frases que siempre recordaré con cariño. Agradezco a Marián Álvarez Sierra 
toda su ayuda prestada y sus consejos ante cualquier situación. Me acogiste muy bien en el 
departamento de Paleontología de la UCM, lugar totalmente nuevo para mí, allá por el 2010 
cuando empecé el famoso master de 2 años… que tan lejos veo ahora. Siempre has sido una 
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gran guía y un gran apoyo en cualquier momento durante estos años. ¡GRACIAS!. También 
tengo que agradecer muchas cosas a Juan Abella. Lo fácil sería decir gracias por enseñarme todo 
lo relacionado con una excavación paleontológica y anatomía, pero creo que me quedo con los 
buenos momentos en las excavaciones (Batallones y Venta del Moro) y sobre todo, fuera de ellas. 
Te estoy especialmente agradecido por haber creído en mí y haberme apoyado en los momentos 
menos fáciles. Es una pena que te tuvieras que buscar la vida en Ecuador, se te echa de menos 
. Que sepas que por tu culpa vivo bastante más estresado todos los veranos en Batallones-3, y 
anhelo excavar sin responsabilidad y a mi bola.
Agradezco a Adam Hartstone-Rose, profesor asociado de South Carolina University 
todo su apoyo para la realización de esta tesis, así como la financiación completa de mi viaje 
a Carolina del Sur y Washington DC en 2014. Igualmente, thank you so much for teaching 
to me how to dissect mustelids and another carnivorans in Columbia (South Carolina) and 
Valladolid! Mi primer viaje a USA fue toda una experiencia que nunca olvidaré donde conocí a 
gente maravillosa Mattie, Carissa, Nikki, Hannah, Tyler… Además, el concepto de ir a un museo 
con estudiantes durante una semana para coger datos para muchos proyectos a la vez me resultó 
muy curioso y homólogo a nuestro concepto de excavar para obtener fósiles. Recuerdo con 
especial cariño nuestra conversación en las colecciones de carnívoros actuales en el Smithsonian 
cuando te contaba que quería calcular el peso corporal de los mustélidos gigantes, pero que no 
existía ningún artículo con una base de datos basados en mustélidos para inferirlos, a lo que 
me respondiste: look at you man, you are in one of the best extant collection in the World; if it 
doesnt exist, just do it by yourself! Gracias por haberme cambiado el chip y enseñarme a pensar 
más allá de mi zona de confort. Por último, gracias por la reconstrucción de Eomellivora, la 
cual cuatro años después me sigue gustando bastante — you really know my opinion about the 
Megalictis one :)
Estoy especialmente orgulloso de haber podido colaborar con Jon Baskin, professor of 
Paleontology de Texas A&M University-Kingsville, padre de los Oligobuninae, y el mayor experto 
en mustélidos y prociónidos de todo USA. Contigo he aprendido mucho sobre los oligobuninos, 
además de conocer a una gran persona trabajadora y humilde. Espero que sigamos colaborando 
en el futuro. Oligobunines´rules!
También estoy en deuda con Lars Werdelin (NRM, Estocolmo, Suecia). Tus artículos sobre 
mustélidos gigantes han sido fuentes de inspiración de esta tesis. Gracias por ayudarme siempre 
con fotos, datos y conversaciones sobre mustélidos extintos. Fue un placer el tiempo que estuve 
contigo en Estocolmo. Gracias por dejarme estudiar tus moldes de Ekorus, ya que, debido a la 
imposibilidad económica de viajar a Kenia para estudiar sus fósiles, estos moldes han sido clave 
para la realización de esta tesis.
De la misma forma, debo agradecer a Plinio Montoya (Universidad de Valencia), por toda 
su ayuda desinteresada a lo largo de estos años. ¡Venta del Moro sigue siendo mi yacimiento 
favorito! Espero que encontréis más Plesiogulo pronto.
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En esta Tesis Doctoral se realiza un estudio taxonómico, sistemático y paleobiológico 
de los mustélidos gigantes del Neógeno de Europa, Asia, Norte América y África. El objetivo 
general consiste en caracterizar su diversidad morfológica y taxonómica, mediante descripciones 
anatómicas, caracterizaciones biométricas, y estudios taxonómicos y sistemáticos de nuevo 
material fósil. Para ello se ha realizado descripciones y comparaciones completas, escaneos 
superficiales en tres dimensiones, estudios cladísticos, y análisis estadísticos—análisis jerárquicos 
de agrupación, análisis discriminantes y regresiones lineares.
Se describe material nuevo de Megalictis ferox, y se revisa el material publicado de los 
géneros Megalictis, Aelurocyon y Paroligobunis del Mioceno inferior de América del Norte 
(Arikareense Ar3-4). Se sinonimiza Aelurocyon y Paroligobunis con Megalictis, argumentando la 
existencia de cuatro especies de Megalictis: M. frazieri, M. simplicidens, M. ferox y “M”. petersoni. 
Además se propone que los Oligobuninos son unos mustélidos troncales, que están más 
emparentados con los representantes actuales que con los otros musteloideos analizados. Así 
como una nueva interpretación paleobiológica para M. ferox, representando un ecomorfotipo 
análogo a las hienas actuales, en contraposición al tipo félido tradicionalmente relacionado con 
esta especie.
Se reconoce el primer registro en la Península Ibérica de Iberictis buloti en el Mioceno 
inferior (MN4) de els Casots (Cuenca del Vallès-Penedès). Iberictis emerge como el representante 
más antiguo de los Gulonini —Iberictis, Plesiogulo y Gulo— cuyo origen ahora se sitúa en el 
Mioceno inferior. Nuestros resultados indican que Iberictis es el género hermano de Plesiogulo 
(forma gigante del Mioceno superior). 
Se determina la presencia de Eomellivora piveteaui en Cerro de los Batallones (Torrejón 
de Velasco, Madrid, España, Mioceno superior, MN10), precisando su diagnosis y ampliando su 
rango estratigráfico a la zona MN10. Se revisa el material de Eomellivora publicado hasta la fecha 
y se aceptan como especies válidas a E. piveteaui, E. wimani, E. ursogulo y E. hungarica. 
Se confirma, mediante un análisis cladístico, que Eomellivora es el taxón hermano del 
actual ratel, clasificándolo como Mellivorinae. Nuestros resultados prueban que E. piveteaui 
tuvo un antepasado común con el clado Turoliense-Ventiense E. wimani-E. ursogulo.
La re-examinación de los fósiles de Hadrictis fricki del Vallesiense inferior (MN9) de 
Austria, conlleva a la sinonimia del género Hadrictis con Eomellivora. Eomellivora fricki sería la 
especie de Eomellivora más grande conocida, así como una de las más primitivas. Se determina 
como Mellivorinae al mustélido gigante africano Ekorus, siendo grupo hermano de Eomellivora.
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El gigantismo en musteloideos aparece muy pronto en la historia evolutiva del grupo, 
desarrollándose en distintas radiaciones independientes del Neógeno y Cuaternario. Después 
del estudio realizado en esta Tesis Doctoral, se propone dos definiciones para musteloideo 
gigante: (1)para formas extintas con representantes actuales que se puedan incluir en alguna 
subfamilia de Mustelidae, Ailuridae o Procionidae: taxones con una masa corporal estimada 
igual o mayor del doble de la masa de las formas vivas más grandes de su propia subfamilia; (2)
para formas basales o con relaciones inciertas: taxones con una masa corporal estimada igual o 
mayor del doble de la masa del mustélido vivo terrestre más grande (Gulo 18 kg).
Abstract
In this PhD thesis we present a taxonomic, systematic and paleobiological study of giant 
mustelids from the Neogene of Europe, Asia, North America and Africa. The main objective 
is to characterize its morphological and taxonomic diversity through anatomical descriptions, 
biometric characterizations, and taxonomic and systematic studies of new fossils. For this 
purpose, complete descriptions and comparisons have been made with other taxa, such as three-
dimensional surface scans, cladistic studies, and statistical analysis —hierarchical clustering 
analysis, discriminant analysis and linear regression.
New material of Megalictis ferox is described. We review the published material of 
Megalictis, Aelurocyon and Paroligobunis from the early Miocene of North America (Arikareean 
Ar3-4). Aelurocyon and Paroligobunis are synonymized with Megalictis. It is argued the existence 
of four species within Megalictis: M. frazieri, M. simplicidens, M. ferox and “M”. petersoni. Also 
we propose that the Oligobunines are stem mustelids, which are more related to the living 
representatives than to the other musteloids analyzed. A new paleobiological interpretation of 
M. ferox is proposed, which represents an ecomorfootype analogous to the extant hyenas, as 
opposed to the felid-type traditionally related to this species.
We recognize the first record of Iberictis buloti in the Iberian Peninsula from the 
early Miocene (MN4) of els Casots (Vallès-Penedès Basin). Iberictis emerges as the oldest 
representative of the Gulonini —Iberictis, Plesiogulo and Gulo— whose origin is now situated 
in the early Miocene. Our results show Iberictis represents the sister genus of Plesiogulo (giant 
form of the late Miocene).
We detect the presence of Eomellivora piveteaui in Cerro de los Batallones (Torrejón de 
Velasco, Madrid, Spain, Upper Miocene, MN10), improving its diagnosis and expanding its 
stratigraphic range to the MN10 zone. We review all fossils of Eomellivora published to date and 
accept as valid species to E. piveteaui, E. wimani, E. ursogulo and E. hungarica.
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We confirm by a cladistic analysis that Eomellivora represents the sister taxon of the living 
honey badger, classifying it as Mellivorinae. Our results prove that E. piveteaui had a common 
ancestor with the Turolian-Ventian E. wimani-E. ursogulo.
The re-examination of the fossils of Hadrictis fricki from the early Vallesian (MN9) of 
Austria, leads us to the synonymy of the genus Hadrictis with Eomellivora. Eomellivora fricki 
represents the largest known species of Eomellivora, such as one of the most primitive one. We 
determine that the African giant mustelid Ekorus is also a mellivorine, and the sister group of 
Eomellivora.
Gigantism in musteloids appears very early in the evolutionary history of the group and 
has occurred in several independent radiations from Neogene and Quaternary. We propose two 
definitions for giant musteloid: (1)for taxa with living representatives that can be included inside 
of some subfamily of Mustelidae, Ailuridae or Procionidae: musteloids with an estimated body 
mass equal to or greater than twice the mass of the largest living forms of their own subfamily; 
(2)For basal forms or with uncertain relationships: taxa with an estimated body mass equal to or 











La familia Mustelidae Fischer 1817, representa el grupo de mamíferos carnívoros actuales 
más diverso con 57 especies de comadrejas, visones, hurones, martas, nutrias, tejones, rateles y 
glotones (Larivière and Jennings, 2009). Mustela Linnaeus, 1758 es el género tipo de la familia, 
su significado etimológico no esta claro. Según Bettini (2000) la hipótesis mas antigua sobre el 
origen de la palabra latina Mustela proviene de  Mauro Servius Honoratus, un gramático latino 
del siglo IV de nuestra era, que derivó el nombre de la palabra mus (ratón) — la presa tradicional 
de la comadreja —, y de telum (lanza) — que Servius derivó de la idea de longitud — significando, 
por tanto, ratón largo. Hipótesis alternativas más románticas sugieren múltiples orígenes de las 
palabras latinas musteus, mustum, mustea, mustacea, y el sufijo ella (nuevo) significando dulce 
mujer joven, o novia (Bettini, 2000).
Los mustélidos son animales fácilmente reconocibles en la naturaleza, caracterizados por 
poseer un pequeño tamaño, rostro corto con cuerpo y cola larga, patas cortas, presencia de cinco 
dedos en manos y pies, y locomoción digitígrada o semiplantígrada. Los caracteres craneales y 
dentarios que definen a los mustélidos según Tedford (1976), Schmidt-Kittler (1981), Bryant 
et al. (1993), Wyss y Flynn (1993) y Baskin (1998) son: (1) Ausencia de fosa suprameatal; (2) 
pérdida del canal del alisfenoides; (3) bulla auditiva inflada; (4) M1 con metacónulo reducido; 
(5) ausencia de la incisión (notch) en el P4 entre el paracono y el mestastilo; (6) área estilar del 
M1 agrandada; (7) M2 reducido o perdido en las formas actuales; (8) m2 reducido con talónido 
corto. La fórmula dentaria general es I3/3, C1/1, P4/4 y M2/2. No obstante, existen algunas 
modificaciones como son la pérdida de un incisivo inferior en la actual nutria marina Enhydra 
Fleming, 1822; la pérdida del P1/1 en la mayoría de los actuales mustelinos (comadrejas y 
especies próximas), lutrinos (nutrias) y mellivorinos (ratel o tejón de la miel); la pérdida del M2 
en todos los mustélidos actuales, estando solo presente en los grupos extintos más basales (ej. 
Plesictis Pomel, 1846, Oligobuninae Baskin, 1998, y Potamotherium Geoffroy, 1833) y la pérdida 
del m2 en algunas formas recientes como en el caso del ratel Mellivora capensis (Schreber, 1776) 
o Lyncodon patagonicus (de Blainville, 1842).
Los mustélidos actuales son carnívoros de tallas pequeñas y medianas, en comparación 
con los demás grupos del orden Carnivora. El mustélido más pequeño — también el carnívoro 
más pequeño —está representado por la comadreja menor (Mustela nivalis Linnaeus 1766) cuyos 
individuos adultos menores alcanzan 0.025 kg, mientras que el más grande se corresponde con 
la nutria marina (Enhydra lutris Linnaeus, 1758) que puede llegar a alcanzar 45 kg, siendo el 
glotón (Gulo gulo Linnaeus, 1758) el mustélido terrestre actual con mayor peso alcanzando 18 
kg (Larivière y Jennings, 2009). Por tanto la masa corporal de los mustélidos actuales abarca 
tres órdenes de magnitud. Mustela nivalis también es el mustélido con menor longitud, sus 
dimensiones oscilan entre 11 y 26 cm, y el más largo es la nutria gigante del Amazonas Pteronura 
brasiliensis (Gmelin, 1788), que puede alcanzar más de un metro de longitud. Asimismo, existe 
un dimorfismo sexual bastante marcado en la familia, donde los machos son hasta un 25-30 % 
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más grandes que las hembras (Ewer 1998; Nowak, 2005; Larivière y Jennings, 2009). El patrón 
de coloración de los mustélidos varía desde los colores muy uniformes de las martas y tairas 
hasta patrones rayados como el de los tejones o incluso moteados como el turón jaspeado 
Vormela peregusna (Güldenstädt, 1770). Algunos taxones como el tejón euroasiático Meles meles 
(Linnaeus, 1758), el ratel Mellivora Storr, 1780 o los grisones Galictis Bell, 1826 poseen patrones 
de coloración aposemática negros y blancos con rayas longitudinales de diferente tamaño, cuyo 
objetivo es disuadir a los depredadores más grandes y advertirles de su fiereza (Ewer, 1998; 
Larivière y Jennings, 2009). Es por otra parte un buen camuflaje al romper el patrón uniforme 
de coloración en zonas con sombras como matorrales o bosques. Igualmente algunas formas 
(ej. Vormela peregusna) producen secreciones anales muy fuertes que son capaces de expulsar 
al exterior — al igual que hacen los mofetas — y que les sirve de defensa (Larivière y Jennings, 
2009). Los mustélidos se encuentran en todos los continentes, a excepción de la Antártida, y 
Australia — aunque en este último han sido introducidos por el hombre recientemente. 
Viven prácticamente en todos los tipos de hábitats, incluyendo mares, ríos, bosques 
templados, bosques tropicales, bosques secos y abiertos, tundra, estepa o praderas (Larivière y 
Jennings, 2009). Igualmente, exhiben una gran diversidad de tipos locomotores, desde formas 
terrestres (Gulo Pallas, 1780), semiexcavadoras (Taxidea Waterhouse 1838, Mellivora, y Meles 
Brisson, 1762), trepadoras (ej. Martes Pinel, 1792, Pekania Gray, 1865 y Charronia Gray, 1865), 
arbóreas (Eira Smith, 1842), semiacuáticas (ej. Lutra Brisson, 1762, Lontra Gray, 1843 y Aonyx 
Lesson, 1827) hasta casi plénamente acuáticas (Enhydra). La plasticidad de la familia también 
está reflejada en los diferentes tipos de dietas, mostrando un amplia variedad de adaptaciones. 
La subfamilia Mustelinae Fischer, 1817 (comadrejas, visones, armiños o turones entre otros) son 
grandes depredadores especializados en cazar presas bastante mayores que ellas, considerándose 
formas muy hipercarnívoras. Por ejemplo Mustela, posee unos caninos muy punzantes, dientes 
carniceros alargados y cortantes y M1 y m2 cortos. Miembros de la subfamilia Guloninae Gray, 
1825 (ej. Martes, Pekania), y Mellivorinae Gray, 1865 (Mellivora), aun siendo mustélidos con 
una dieta bastante carnívora, constituyen taxones más generalistas en los que los M1 y m1 
poseen talones o talónidos más alargados. Otros mustélidos como los Melinae Bonaparte, 1838 
(ej. Meles), Taxidiinae Pocock, 1920 (Taxidea) y Lutrinae Bonaparte, 1838 (ej. Lutra, Aonyx) 
incluyen especies mucho mas generalistas e incluso algunas hipocarnivoras (Meles, Arctonyx 
Cuvier, 1825). Estos tres grupos, pueden procesar alimentos de distinta naturaleza estando 
adaptados a tipos de comida muy variados, como bayas, raíces, invertebrados, e incluso presas 
enteras (peces, anfibios, aves o roedores entre otros). Se caracterizan por tener P4-M1 y m1 muy 
largos, anchos, y multicuspidados. Algunos de estos mustélidos como los lutrinos y taxiidinos 
tienen el P4 molarizado, presentando una expansión o plataforma distal al protocono, lo cual 
aumenta la capacidad de trituración. También existen mustélidos actuales con adaptaciones 
durófagas — denticiones bunodontas en Enhydra y P4-m1 muy robusto en Gulo — adaptadas 




II. Sistemática y subfamilias actuales
Mustelidae es una de las familias del 
orden Carnivora Bowdich, 1821, incluida en el 
Suborden Caniformia Kretzoi, 1943 (Canidae 
Fischer, 1817 + Amphicyonidae Haeckel, 1866 
+ Arctoidea), Infraorden Arctoidea Flower, 
1869 (Ursidae Fischer, 1817 + Pinnipedia 
Illiger, 1811 + Musteloidea), y la Superfamilia 
Musteloidea Fischer, 1817 que también incluye 
a las familias Ailuridae Gray, 1843 (panda 
rojo), Mephitidae Bonaparte, 1845 (mofetas), 
y Procyonidae Gray, 1825 (mapaches, coaties 
y parientes). Históricamente las mofetas 
fueron consideradas como una subfamilia 
de los mustélidos (Bryant et al., 1993; Wyss y 
Flynn, 1993; Ginsburg, 1999; Wolsan, 1999). 
Sin embargo, análisis filogeneticos basados en 
ADN las sitúan en una familia aparte (Koepfli et 
al., 2008; Sato et al., 2009, 2012), consideradas 
actualmente como el grupo más basal dentro 
de musteloidea. Igualmente, dichos análisis 
moleculares indican que la familia con mayor 
relación con Mustelidae es Procyonidae, y 
ambos familias tienen una relación de grupo 
hermano con Ailuridae (Sato et al., 2009, 2012). 
Actualmente existe un amplio consenso 
entre los especialistas para considerar 8 
subfamilias dentro de Mustelidae, aunque 
sus relaciones entre sí son poco claras. En la 
figura 1 se muestra una filogenia consenso de 
los mustélidos actuales publicado por Wolsan 
y Sotnikova (2013) basada en investigaciones 
recientes de ADN de Koepfli et al., (2008), 
Harding y Smith, (2009), Sato et al., (2009, 
2012), Wolsan y Sato, (2010) y Vianna et 
al., (2011). Se observa en la misma que no están resueltas las relaciones entre las subfamilias 
Guloninae, Melinae, Mellivorinae, y el clado compuesto por Mustelinae + Lutrinae + Ictonychinae 
Pocock, 1921 + Helictinae Gray, 1865.
Figura 1. Filogenia que incluye la mayoría de las especies 
de los mustélidos actuales basada en estudios del ADN. 




GULONINAE (Figura 2A-F), anteriormente conocida como Martinae Wagner, 1841, se 
compone de mustélidos medianos a grandes, distribuidos por la región Holártica y con un solo 
taxón en América Central y del Sur (Eira). A esta subfamilia pertenecen las martas con los 
géneros Pekania (Figura 2A), Charronia (Figura 2B), y Martes (Figura 2C-D); la tayra (Eira) 
(Figura 2E) y el glotón (Gulo gulo) (Figura 2F). Los guloninos suelen ser animales trepadores 
asociados a ambientes arbolados (Nowak, 2005; Ewer, 1998; Larivière y Jennings, 2009). Se 
caracterizan por ser carnívoros de pequeño a mediano tamaño, con colas largas. Tanto la tayra 
como la mayoría de las martas son excelentes trepadores, pudiendo correr por las ramas y bajar 
por los troncos cabeza abajo, usando su larga cola como balancín (Kaufmann y Kaufmann 
1965; Ercoli, 2015). Los guloninos poseen una dieta oportunista, alimentándose desde frutas, 
bayas, insectos hasta pequeños vertebrados (Ewer 1998; Larivière y Jennings, 2009). Además, 
los guloninos son excelentes depredadores, siendo capaces de cazar presas mas grandes que 
ellos. Ejemplos son la asiática Charronia flavigula (Boddaert, 1785) que depreda sobre el ciervo 
almizclero (Moschus sp.), la norteamericana Pekania pennanti Erxleben, 1777 que es uno de los 
pocos carnívoros capaces de matar al puercoespín norteamericano o el glotón, que puede matar 
a grandes ungulados como el caribú (Larivière y Jennings, 2009). 
HELICTIDINAE, conocidos comúnmente como tejones-hurones, está formada por 
un único género, Melogale Geoffroy Saint-Hilaire, 1831 (Figura 2G) y cuatro especies. Son 
mustélidos de pequeño tamaño (1-3 kg) que viven en el Sudeste de China e Indonesia; poseen 
adaptaciones semiexcavadoras y una dieta bastante generalista (Larivière y Jennings, 2009).
ICTONYCHINAE, formada por los géneros Ictonyx Kaup, 1835, Galictis, y Lyncodon 
Gervais, 1845, entre otros (Figura 1, 2G, 3A-B ). Son mustélidos de pequeña talla que varían desde 
0.2 kg hasta 3 kg, se distribuyen ampliamente en África, Sudamerica y Ásia Central, y en cierta 
medida recuerdan a los mustelinos. La mayoría de las especies son terrestres, y otras cavadoras; 
algunas de ellas son especialistas en cazar roedores en galerías (similar a Mustelinae) (Ercoli, 
2015). Los miembros de esta subfamilia presentan una coloración aposemática combinada con 
comportamientos defensivos que incluyen exhibiciones y secreciones penetrantes provenientes 
de glándulas anales (ej., Cabrera y Yepes 1940, Ewer, 1998; Koepfli et al. 2008; Larivière y Jennings, 
2009; Caro 2009; Ercoli, 2015). La dieta de las especies dentro de esta subfamilia varían desde 
omnívoras [Ictonyx striatus (Perry, 1810)] a hipercarnívoras (Lyncodon patagonicus) (Larivière 
y Jennings, 2009).
LUTRINAE, subfamilia que comprende a 12 especies de nutrias. Los nutrias son carnívoros 
de mediano tamaño distribuidos ampliamente por el planeta (Figura 3C-H) e incluyen a los 
mustélidos actuales más grandes y pesados (Enhydra y Pteronura ver figura 3C y D). Las nutrias 
están adaptadas a un modo de vida anfibio, desenvolviéndose perfectamente tanto en tierra 
como en el agua, donde viven mayoritariamente, asociados a ríos, embalses y zonas costeras 
(Kruuk, 2006). Todos los representantes de este grupo se encuentran especializados, en mayor o 
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Figura 2. Ejemplos de mustélidos actuales de las subfamilias Guloninae (A-F), Helictidinae (G) e Ictonychinae (H). 
A. Pekania pennanti (marta pescadora); B. Charronia flavigula (marta de garganta amarilla); C. Martes americana 
(marta americana); D. Martes martes (marta Europea o marta de pino); E. Eira barbara (Tayra); F. Gulo gulo 
(glotón); G. Melogale moschata (tejón hurón chino); H. Galictis vittata (grisón).
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menor grado, a vivir en el agua y moverse en este medio (Ercoli, 2015). El comportamiento social 
varía desde animales solitarios (Lutra ver figura 3H), hasta animales muy sociales y gregarios 
(Pteronura, Enhydra) que forrajean en el agua y en algunos casos como Pteronura cazan en 
grupo (Kruuk, 2006; Larivière y Jennings, 2009). Externamente son bastante semejantes, poseen 
cuerpos largos, patas cortas, cola larga y musculosa, orejas cortas, y largas vibrisas; teniendo 
muchas especies las manos y pies palmeadas con uñas largas, aunque las especies del género 
Aonyx (Figura 3E-F) las han reducido hasta casi perderlas, aumentando el sentido del tacto 
ya que buscan la comida entre las piedras con las manos (Ewer, 1998; Kruuk, 2006; Larivière 
y Jennings, 2009). Las nutrias son muy voraces y poseen una tasa metabólica muy alta, 
probablemente debido a la pérdida rápida de calor en el medio acuático, lo cual demanda altas 
tasas energéticas (Macdonald, 2001). Se alimentan mayoritariamente de peces, pero también 
comen pequeños vertebrados, crustáceos y bivalvos (Larivière y Jennings, 2009). La mayoría 
de los géneros cazan sus presas con la boca (ej. Lutra, Lontra, Pteronura), pero otros usan sus 
manos (Aonyx y Enhydra), usando incluso piedras como herramientas para romper la concha 
de los bivalvos (Enhydra).
MELINAE (Figura 4A-B), incluye a mustélidos con un plan corporal diferente a la mayoría 
de los miembros de la familia, teniendo un aspecto robusto con patas cortas. Se distribuyen en 
Europa y Asia con los géneros Meles y Arctonyx (Larivière y Jennings, 2009). El mofotipo “tejón”, 
se caracteriza por la presencia de adaptaciones semiexcavadoras (miembros anteriores fuertes 
y robustos con potentes garras), y se ha desarrollado independientemente en las subfamilias 
Mellivorinae (tejón de la miel) y Taxidiinae (tejón americano). Tanto Meles como Arctonyx son 
mustélidos de talla grande que pueden pesar entre 6-17 kg. Viven en bosques, praderas y zonas 
áridas, y están adaptados para excavar madrigueras y largas galerías con sus manos. Algunas 
especies como Meles meles son gregarias. Los melinos son mustélidos bastantes generalistas en 
su dieta, pueden comer setas, raíces, bulbos, bayas, invertebrados y pequeños vertebrados y 
carroña (Larivière y Jennings, 2009).
MELLIVORINAE, compuesta actualmente por una única especie, Mellivora capensis (ratel 
o tejón de la miel) (Figure 4C). Vive en África y la India y es el mustélido terrestre más grande 
de África, pesando entre 6.2 y 13.6 kg (Larivière y Jennings, 2009). Aunque posee adaptaciones 
para excavar, es el “tejón” menos especializado (Rose et al., 2014), siendo un mustélido bastante 
terrestre. En cuanto a su dieta, es un depredador muy generalista y oportunista con una amplia 
gama de presas, compuesta mayoritariamente por roedores, otros carnívoros (ej., Suricata, Felis, 
Cynictis, Ictonyx), anfibios, reptiles, aves, invertebrados, raíces, bayas y frutas (Begg et al., 2003; 
Larivière y Jennings, 2009).
TAXIDIINAE, al igual que Mellivorinae, está formada actualmente por una única especie 
Taxidea taxus (Schreber, 1777), distribuida exclusivamente en el continente Norteamericano. Es 
un mustélido de 7.6-8.7 kg, muy reconocible por su aspecto aplastado y robusto (Figura 4D), 
que vive en praderas y zonas semidesérticas. A diferencia de los Melinae, es bastante carnívoro, 
y está especializado en cazar perritos de las praderas, ya que puede meterse en sus madrigueras 
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Figura 3. Ejemplos de mustélidos actuales de las subfamilias Ictonychinae (A-B) y Lutrinae (C-H). A. Vormela 
peregusna (turón jaspeado); B. Ictonyx striatus (Zorrilla común); C. Enhydra lutris (nutria marina); D. Pteronura 
brasiliensis (nutria gigante del Amazonas); E. Aonyx capensis (nutria sin garras o nutria de mejillas blancas); F. 
Aonyx cinereus (nutria enana o nutria de uñas pequeñas asiática); G. Lontra canadensis (nutria de rio Norte-
Americana); H. Lutra lutra (nutria común o nutria euroasiática).
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(Ewer, 1998; Larivière y Jennings, 2009).
MUSTELINAE, es la subfamilia más diversa de mustélidos en términos de especies y 
más cosmopolita, incluye a las comadrejas, hurones, visones y armiños (Figura 5). Son los 
mustélidos más pequeños y reconocibles por su aspecto alargado, sinuoso y patas muy cortas. 
El mustelino más pequeño es Mustela nivalis (Figura 5A-B) que puede pesar entre 25-250 g y 
el mas grande es Neovison vison (Schreber, 1777) (Figura 5H) con 450-1805 g. Los mustelinos 
están especializados en cazar a roedores y lagomorfos en sus madrigueras o bajo la nieve, por 
lo que es bastante común verlos frecuentando sus galerías, aunque no son buenos cavadores, 
rara vez lo hacen y en general sólo modifican los túneles preexistentes a excepción de Mustela 
nigripes (Audubon y Bachman, 1851) (Figura 5D) (Heptner y Naumov 1967, King 1989, Ewer, 
1998; Larivière y Jennings, 2009; Horner y Biknevicius 2010; Ercoli, 2015). Poseen un tipo de 
locomoción propio y especializado denominado locomoción medio enlazada — half-bounding 
— un galope sinuoso en el que los miembros posteriores se encuentran sincronizados con 
los anteriores incluyendo una fase suspendida en el aire (Schutz y Guralnick 2007). Muchos 
hurones pueden nadar bien, y algunos presentan hábitos íntimamente asociados al agua, como 
el visón europeo Mustela lutreola (Linnaeus, 1761) (Figura 5G) y el americano Neovison vison 
(Figura 5H), nadando frecuentemente en la superficie (Ercoli, 2015). Los mustelinos poseen 
una dieta hipercarnívora. Debido a su pequeño tamaño, necesitan comer continuamente para 
Figura 4. Ejemplos de mustélidos actuales de las subfamilias Melinae (A-B), Mellivorinae (C) y Taxidiinae (D). A. 
Meles meles (tejón euroasiatico); B. Arctonyx collaris (tejón cerdo); C. Mellivora capensis (ratel o tejón de la miel); 
D. Taxidea taxus (tejón norteamericano).
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Figura 5. Ejemplos de mustélidos actuales de la subfamilias Mustelinae. A-B. Mustela nivalis (comadreja menor); 
C. Mustela putorius (turón europeo); D. Mustela nigripes (hurón de pies negros); E. Mustela erminea (armiño); F. 
Mustela frenata (comadreja de cola larga); G. Mustela lutreola (visón europeo); H. Neovison vison (visón americano).
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contrarrestar la perdida de calor producida por el alto ratio de su superficie-volumen. Se ha 
estimado que Mustela nivalis necesita comer diariamente entre 1/3 y 2/3 de su peso corporal en 
presas (Larivière y Jennings, 2009). Además, muchos mustelinos del género Mustela depredan 
frecuentemente sobre presas mucho mayores que ellos mismos, destacando el armiño Mustela 
erminea Linnaeus, 1758 (Figura 5E) que a pesar de su tamaño muy próximo a Mustela nivalis, es 
capaz de cazar liebres adultas de un tamaño considerablemente mayor (Ewer, 1998; Macdonald, 
2001; Larivière y Jennings, 2009). Además los mustelinos poseen técnicas de caza muy variadas 
que incluyen persecución en las galerías de las presas, así como dominación y muerte de ellas 
mediante mordiscos en el cuello o la nuca entre otros (Ewer, 1998; Macdonald, 2001; Larivière 
y Jennings, 2009; Ercoli, 2015). 
III. Orígenes de los mustélidos
 Existen grandes dificultades para dilucidar el origen de las familias actuales — Ailuridae, 
Mephitidae, Mustelidae, y Procyonidae — que constituyen la superfamilia Musteloidea. Uno 
de los problemas relacionados con la cladogénesis de los musteloideos es la ausencia de una 
diagnosis clara para cada una de las familias. Intentos recientes para resolver las relaciones de 
las especies implicadas han tenido un éxito limitado (Schmidt-Kittler, 1981; Cirot y Bonis, 1993; 
Wolsan, 1993), en gran parte debido al hecho de que casi todos los caracteres tradicionalmente 
considerados como diagnósticos se distribuyen indistintamente en más de una familia (Wang et 
al., 2005) (Figura 6). 
Baskin (1998) señaló que la superfamilia Musteloidea comparte un ancestro común con 
la superfamilia Ursoidea (úrsidos + pinnipedimorfos), siendo para él formas relativamente 
derivadas de un ursoideo primitivo. Según Baskin (1998) los musteloideos se caracterizan por: 
(1) hueso entotimpánico agrandado e inflado; (2) aumento en la separación del foramen de la 
carótida caudal del foramen caudal lacerado; (3) pérdida del m3. Tentativamente, él nombró 
una subfamilia de mustelidos muy primitivos que denominó Mustelavinae, aunque no descartó 
la posibilidad de que se tratara de un grupo troncal de los musteloideos, debido a que posee 
una dentición no tan derivada como los prociónidos y mustélidos. Este grupo engloba a los 
géneros Mustelavus Clark, 1936 (en Scott y Jepsen, 1936) del Eoceno superior (Chadroniense) 
al Oligoceno inferior (Orellanense) de Norte América, Mustelictis Lange, 1969 del Oligoceno 
inferior de Europa y ?Amphicticeps Matthew y Granger, 1924 del Oligoceno inferior de Asia. 
Los Mustelavinae se caracterizan por: (1) Canal alisfenoides presente; (2) M2 con tres raíces; 
(3) Reducción del metaconulo y postprotocrista del M1, con una área estilar del M1 agrandada. 
Igualmente Baskin (1998) señaló que Mustelavus posee rasgos reconocibles al de mustélido muy 
basal como son, aparte de los anteriomente mencionados: (1) reducción del M2 y m2 y (2) 
pérdida del m3. Actualmente Mustelavus está considerado como el musteloideo (=Mustelida 
según Wang et al., 2005) mas antiguo y Amphicticeps como un ursoideo (Figura 6C). 
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Figura 6. Hipótesis filogenéticas sobre el origen de los mustélidos y su relación con taxones arcaicos. A. Hipótesis 
filogenética de los primeros musteloideos europeos basado en el análisis craneodental de Wolsan (1993). Árbol 
modificado de Wolsan (1993); B. Cladograma que muestra las relaciones entre los mustélidos de Norte America 
según el análisis craneodental de Baskin (1998). Árbol modificado de Baskin (1998); C. Relaciones cladisticas de 
arctoideos basales según el análisis craneodental de Wang et al. (2005). Árbol modificado de Wang et al. (2005).
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Los Mustelidae actuales se han diagnosticado principalmente por la pérdida de la incisión 
del P4, de la fosa suprameatal y del M2 (Tedford, 1976; Schmidt-Kittler, 1981; Bryant et al., 
1993; Wyss y Flynn, 1993; Baskin, 1998). Sin embargo algunos de estos caracteres podrían ser 
homoplásicos (Qiu y Schmidt-Kittler, 1982; Wolsan, 1993). Homoplasias y retención de caracteres 
primitivos complican fuertemente las diagnosis de cada uno de estos linajes, un escenario de 
evolución en mosaico puede explicar la problemática expuesta. Por ejemplo, Mustelictis, y el 
oligobunino Zodiolestes Riggs, 1942, así como algunas especies de Plesictis retienen la presencia 
de una fosa suprameatal. Caso de la presencia de la incisión en el P4 en Plesictis, todos los 
Oligobuninae, y Potamotherium del Oligoceno superior y Mioceno inferior respectivamente, así 
como en formas relativamente más modernas como el Leptarctino Trocharion albanense Major 
1903 del Mioceno medio. 
Durante el Oligoceno superior y el Mioceno inferior de Europa hubo un grupo relativamente 
homogéneo de mustélidos primitivos — con una retención de M2 en algunos taxones y m2 
biradiculado — con un tamaño intermedio a los actuales Mustela y Martes, entre los que destacan 
los géneros Palaeogale Meyer 1846, Paragale Petter, 1967, Plesiogale Pomel 1847, y Plesictis. Al 
mismo tiempo en América del Norte, se desarrolló un grupo arcaico de mustélidos denominado 
Oligobuninae. Estos mustélidos representan unas formas primitivas — caracterizados por la 
retención de la incisión en el P4 y del M2 — cuyos miembros más antiguos recuerdan a Plesictis 
(Zodiolestes Riggs, 1942, Promartes Riggs, 1942). Los Oligobuninos representan una subfamilia 
extinta de mustélidos endémicos de Norte América que se originaron durante el Arikareense 
Ar3 (Oligoceno superior-Mioceno inferior), llegando hasta el Bartsoviense (Mioceno medio). 
Esta subfamilia incluye a los géneros Promartes, Zodiolestes, Oligobunis Cope, 1879, Megalictis 
(=Aelurocyon) Matthew, 1907, Brachypsalis (Cope, 1890), y muy recientemente también 
a Parabrachypsalis Baskin, in press, y Floridictis Baskin, in press. Otra parte de la radiación 
musteloidea basal conduce a formas acuáticas de Eurasia y Norteamérica (Semantorinae Orlov, 
1933) representadas por Potamotherium. La posición taxonómica de Potamotherium (véase 
Savage, 1957, para una descripción detallada) es altamente controvertida (Willemsem, 1992; 
Baskin, 1998; Ginsburg, 1999; Sato et al., 2009), debido fundamentalmente a su convergencias 
en dentición con las nutrias y en el esqueleto postcraneal con los pinnípedos y las nutrias.
Como se ha explicado anteriormente no existe un consenso claro sobre cual fue el primer 
mustélido del registro fósil. Sin embargo, numerosos investigadores (Wolsan, 1993; Ginsburg 
1999; Wang et al., 2005) señalan que los mustélidos mas primitivos se corresponden con los 
géneros europeos del Oligoceno Superior y Mioceno inferior tales como Paragale, Palaeogale, 
Plesiogale y Plesictis. Más concretamente, el mustélido más antiguo pertenece al género Plesictis. 
Según Ginsburg (1999), la especie más antigua es Plesictis pygmeus Schlosser, 1888. El holotipo 
de esta especie es un fragmento de mandíbula de la localidad de Mouillac, del Oligoceno de 
Quercy, Francia (Figura 7A). El registro inequívoco más antiguo de esta especie se encuentra 
en la localidad de Mas de Got, Francia, del Oligoceno inferior (MP22), donde Teilhard (1915) 
describió unos restos mandíbulares. La edad de esta localidad se correlaciona con el nivel de 
referencia MP22 de la escala Europea de Mamíferos del Paleógeno (Vianey-Liaud et al., 1997); 
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el MP22, según Luterbacher et al., (2004), corresponde a un intervalo temporal de 30.9-32.8 Ma. 
Desafortunadamente, durante la segunda guerra mundial las colecciones de Múnich, donde 
estaba guardado el holotipo de Plesictis pygmeus, fueron destruidas en los bombardeos (Bonis, 
1997). Posteriormente, en un trabajo en el que se describió nuevo material de musteloideos de 
Mas de Got, Bonis (1997) describió la especie Mustelictis olivieri Bonis, 1997 (Figura 7B1-2) y 
sinonimizó parte del material de Plesictis pygmeus descrito por Teilhard (1915) con la nueva 
especie; entrando a formar dicho material como parte del hipodigma de Mustelictis olivieri —
Plesictis pygmeus es una especie no valida para él, argumentando que la creación de un neotipo 
con el material de Mas de Got no es viable porque no esta seguro de que este material perteneciera 
a Plesictis pygmeus además del desconocimiento sobre la edad precisa del holotipo destruido. 
Adicionalmente Bonis (1997) asignó parte del material de Plesictis pygmeus, descrito por 
Teilhard (1915) de Mas de Got como Mustelictis minimus — descrito previamente como Viverra 
minima Filhol, 1877. Mustelictis olivieri es una forma que recuerda al oligobunino Zodiolestes 
daimonelixensis Riggs, 1942 del Mioceno inferior de Nebraska (Estados Unidos), Arikareense 
Ar3 superior, North American Land Mammal Ages (NALMA), equivalente a la MN1 en Europa 
(Figura 7C1-2). Mustelictis olivieri, podría considerarse como uno de los precursores de los 
mustélidos actuales y de otros grupos mas primitivos como los Oligobuninos; sin embargo, esta 
Figura 7. Musteloideos primitivos. A. Plesictis pygmeus Schlosser, 1888, holotipo destruido de Mouillac, Quercy, 
Francia, Oligoceno. Modificado de Schlosser, 1888; B. Mustelictis olivieri Bonis, 1997 holotipo de Mas de Got, 
Quercy, Francia Oligoceno (MP22). B1. Cráneo MGB-60, vista oclusal, B2. Mandíbula MGB7, vista lateral. 
Dibujo modificado de Bonis, 1997; C. Zodiolestes daimonelixensis FMNH P12032 Mioceno inferior de Nebraska 
(Arikareen 3). C1. Cráneo, vista oclusal, C2. Mandíbula vista lateral. A-B escala = 1cm, C escala = 2 cm.
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argumentación no es valida para Sato et al. (2009), estos últimos autores consideran a Mustelictis 
olivieri como el musteloideo más antiguo. Alternativamente, Sato et al. (2003) postulan que 
el primer mustélido fue Plesictis plesictis (Laizer y Parieu, 1839), una forma más moderna 
del Oligoceno superior MP28-29 de Cournon, Francia, con una edad entre 24.3 y 24.7 Ma — 
anteriormente conocido como Plesictis genetoïdes según Pomel, (1853) y Viret (1929).
IV. Antecedentes de los mustélidos gigantes
A lo largo de los últimos 150 años, se han descrito mustélidos extintos de un tamaño muy 
grande — en comparación con las formas actuales — en el Neógeno de Eurasia, India, Norte 
América y África (Falconer, 1868; Matthew, 1907; Zdansky, 1924; Pilgrim, 1931; Hendey, 1978; 
Lambert, 1997; Werdelin, 2003; Koufos, 2006; Peigné et al., 2008; Geraads et al., 2011; Wolsan y 
Sotnikova, 2013). Ejemplos de estas formas son Megalictis y Oligobunis del Mioceno inferior de 
Norte América; Hoplictis Ginsburg, 1961, del Mioceno medio de Europa; Eomellivora Zdansky, 
1924, Hadrictis Pia, 1939, y Plesiogulo Zdansky, 1924 del Mioceno superior del Hemisferio Norte 
y Ekorus Werdelin, 2003 del Mioceno superior de África; nutrias con dentición bunodonta 
del Mioceno-Plioceno incluidas en los géneros Enhydriodon Falconer, 1868, Enhydritherium 
Berta y Morgan, 1985, Siamogale Ginsburg et al., 1983, Sivaonyx Pilgrim, 1931, y Torolutra 
Petter, Pickford, y Howell, 1991; y Ferinestrix Bjork, 1970, un tejón del Plioceno superior con 
distribución Holártica. Asímismo, excluyendo a los mefítidos, esta tendencia hacia formas 
gigantes ha ocurrido de manera recurrente e independiente en linajes de otros musteloideos a lo 
largo del Neógeno— ej. el ailúrido del Mioceno superior Simocyon Wagner, 1858 (Wang 1997, 
Peigné et al., 2005) o el prociónido del Plioceno de Argentina Chapalmalania Ameghino, 1908 
(Forasiepi et al., 2014).
En las descripciones de estos taxones, los paleontólogos han usado los adjetivos grande, 
enorme, gigante o gigantesco, lo cual pone de relevancia la importante talla de estas formas en 
relación al tamaño general de la familia. La tendencia hacia el gigantismo en los mustélidos, familia 
que incluye al carnívoro actual más pequeño (Mustela nivalis), parece haber ocurrido de manera 
independiente en numerosos linajes, excediendo todas estas formas el tamaño del glotón actual 
(Gulo gulo), el cual representa el mustélido vivo de ámbito terrestre más pesado. Sin embargo, 
las relaciones de estas formas con los mustélidos actuales y con sus respectivas subfamilias no 
están claras — a excepción de algunas formas como Ferinestrix identificado recientemente 
(Wolsan y Sotnikova, 2013) como un melinae durófago muy derivado. El primer investigador 
que dio una definición para los mustélidos gigantes fue Werdelin (2003), describiéndolos como 
mustélidos extintos cuya masa estimada representa más del doble de las formas actuales mas 
grandes, dando un rango para ellas de 30-35 Kg. El registro fósil de estos mustélidos de gran 
tamaño es bastante diverso, pero sin embargo pobremente entendido, debido principalmente 
a que están representados por restos craneomandibulares o denticiones aisladas, siendo los 
individuos con restos asociados — cráneo y esqueleto postcraneal — excepcionalmente raros. 
41
IntroducciónIntroducción
Esta escasez en el registro fósil ha limitado los estudios de estas formas a meras descripciones 
y a estudios taxonómicos, con la excepción de trabajos puntuales sobre locomoción y masa 
corporal (Andersson y Werdelin, 2003; Andersson, 2004 a,b; Lewis, 2008).
A continuación se expone de manera sintética el conocimiento previo a esta Tesis Doctoral, 
referente a los taxones gigantes más relevantes (Figura 8):
Matthew (1907) describió Megalictis ferox (Figura 8A), el primer mustélido gigante del 
Mioceno inferior de las Grandes Llanura de Norte América proveniente de Porcupine Butte, 
Dakota del Sur (USA), de edad Arikareense (Ar4) cuyo rango temporal es 22.7-18.5 Ma (Tedford 
et al., 2004; Albright et al., 2008), siendo equivalente a las zonas de mamíferos europeas MN1 
superior-MN3 inferior. Una semana después de su publicación — según Hunt y Skolnick (1996) 
— Peterson (1907) nombro Aelurocyon brevifacies, un género y especie nuevo de un mustélido 
gigante de la misma edad, proveniente de Niobrara Canyon, Nebraska (USA). Posteriormente 
Hunt y Skolnick (1996) realizaron una revisión de ambos géneros gigantes, incluyendo otros 
ejemplares descritos previamente, así como ejemplares más antiguos de la especie Paroligobunis 
simplicidens (Peterson, 1907) del Arikareense (Ar3). Ellos sinonimizaron a los oligobuninos 
Megalictis ferox, Aelurocyon brevifacies y Paroligobunis simplicidens en una única cronoespecie, 
que teniendo en cuenta el Código Internacional de Nomenclatura Zoológica (ICZN) se 
denominó M. ferox. Hunt y Skolnick (1996) interpretaron que las diferencias encontradas entre 
estos tres taxones eran atribuibles a variaciones intraespecíficas, dimorfismo sexual y a un ligero 
grado de evolución a lo largo del tiempo. Esta hipótesis ha sido aceptada por varios autores 
(Werdelin et al., 2003; Tedford et al., 2004; Peigné et al., 2006). Más tarde Baskin (1998) definió 
la subfamilia Oligobuninae e incluyó Megalictis dentro de ella.
En cuanto a inferencias paleobiológicas, se ha interpretado que M. ferox fue un mustélido 
gigante hipercarnivoro con un cuerpo robusto y con una técnica de caza similar a los actuales 
leopardos o jaguares, representando así, un ecomorfotipo próximo a los félidos (Hunt y Skolnick 
,1996; Werdelin 1996; Van Valkenburgh, 2007). Además Hunt y Skolnick (1996) argumentaron 
que el intervalo de ausencia de félidos fósiles en el Mioceno inferior de Norteamérica, conocido 
como “Cat-Gap” (Hunt y Joeckel, 1988), pudo favorecer el desarrollo de este ecomorfotipo. 
Las relaciones de parentesco de los oligobuninos con los mustélidos actuales es controvertida, 
siendo para unos autores verdaderos mustélidos (Baskin, 1998; Wang et al., 2005; Wesley-Hunt 
y Werdelin, 2005; Finarelli, 2008) y para otros un grupo basal de musteloideos (Wolsan 2005; 
Sato et al., 2009). 
Eomellivora (Figura 8D), es un mustélido gigante asociado a las faunas de Hipparion 
del Mioceno superior de Asia, Europa, America del Norte y África (Wolsan y Semenov 1996; 
Morales y Pickford, 2005), con un rango temporal que va desde finales del Mioceno medio MN8 
hasta el final del Mioceno superior, Ventiense, MN13. Desde que Zdansky (1924) definió el 
género, numerosas especies se han descrito basadas en restos muy fragmentarios y sin conocer 








único individuo incompleto. La primera revisión completa del género la realizaron Wolsan y 
Semenov (1996) y concluyeron que Eomellivora representaba un único linaje compuesto por E. 
wimani Zdansky, 1924, que subdividieron en dos cronosubespecies: E. wimani piveteaui para las 
formas del Vallesianse (MN9-10), y E. wimani wimani para las formas del Turoliense y Ventiense 
(MN11-13). 
Hadrictis fricki Pia (1939) es uno de los mustélidos gigantes mas grandes de Europa junto 
con Plesiogulo monspessulanus Viret, 1939. Hadrictis fricki se ha descrito únicamente en dos 
localidades de Austria del Vallesiense inferior (MN9) (Pia, 1939; Zapfe 1948) mediante fósiles 
muy fragmentados e incompletos. Su posición sistemática siempre ha sido dudosa, constituyendo 
un género válido para algunos autores (ej. Pia 1939, Zapfe 1948, Webb, 1969; Ginsburg, 1977), 
mientras que para otros representa una sinonimia de Eomellivora (Werdelin, 1996, 2003, Peigné 
et al., 2006). Sin embargo desde Zapfe (1948), nadie ha comparado apropiadamente a este taxón 
gigante austriaco en un contexto amplio dentro de los mustélidos gigantes del Mioceno.
Ekorus ekakeran Werdelin, 2003 solo se conoce en la localidad de Lothagan, Kenia, con 
una edad aproximada de 7.4–6.5 Ma (McDougall y Feibel, 2003), correspondiéndose con la zona 
MN12 de Europa. Fue descrito en base a un espécimen muy completo y representa, sin lugar 
a dudas, uno de los mustélidos gigantes mejor conocidos — a nivel de elementos anatómicos 
— de todo el registro fósil junto con el espécimen UF100000 de Enhydritherium terraenovae 
Berta y Morgan, 1985 estudiado por Lambert, 1997 del Mioceno superior de Florida. Ekorus 
es un mustélido de una talla muy grande (Figura 8E), una dentición muy hipercarnívora y un 
esqueleto postcraneal que indica ciertas adaptaciones para correr, características nunca vistas en 
ningún mustélido actual (Werdelin, 2003). Tal es así que cuando fue descrito, no fue incluido en 
ninguna subfamilia de mustélidos. 
Plesiogulo fue un mustélido gigante bastante más común que Eomellivora y Ekorus, 
mostrando una amplia distribución en Eurasia durante el Mioceno superior (ver Rook et al., 
1991, Sotnikova, 1995; Montoya et al., 2011), alcanzando África y América del Norte al final del 
Mioceno (Hendey, 1978; Harrison, 1981; Haile-Selassie et al., 2004; Morales et al., 2005, 2016) 
— se trata de uno de los taxones característicos del Hemphilliense superior en Norte América. 
Las especies de este género muestran un tamaño variable desde grande a gigante (Figura 8C), 
cuyas características osteológicas y dentarias recuerdan al glotón actual. Ginsburg y Morales 
    Figura 8. Holotipos de las especies de mustélidos gigantes con los restos craneales y mandibulares más 
grandes. A. Megalictis ferox AMNH 12880, de la localidad de Rosebud 22, Dakota del Sur (USA), Mioceno 
inferior. A1. Cráneo parcialmente reconstruido, A2. Mandíbula; B. Enhydriodon dikikae DIK-56-9, fragmento de 
cráneo y mandíbula, del yacimiento DIK-56, Dikika, Etiopía, Pleistoceno superior. Figura modificada de Geraads 
et al., (2011); C. Plesiogulo monspessulanus de Montpellier, Francia, Plioceno inferior (MN14), mandibular; D. 
Eomellivora ursogulo (Orlov, 1948) NHMW 2016/0085/0001 (molde del holotipo PIN-No.269a) de Grebeniki, 
Ucrania, Turoliense inferior (MN11); E. Ekorus ekakeran KNM-LT 23125 (molde), from Lothagan (Kenya), 7 Ma. 
Escala = 5 cm.
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(1992), sugirieron que Plesiogulo poseía grandes afinidades con el mustélido de menor talla del 
Mioceno inferior Iberictis. En cuanto a las relaciones con los mustélidos actuales, Viret (1939), 
Kurtén (1970) y Kurtén y Anderson (1980) apoyaron una relación de parentesco directa entre 
Plesiogulo y Gulo. Sin embargo otros autores consideran que Plesiogulo constituye un linaje 
filogenético diferente, sin descendientes actuales (Zdansky 1924; Hendey 1978; Harrison 1981; 
Sotnikova 1995; Montoya et al. 2011).
Los Enhydriodontini también conocidos como nutrias bunodontas, es una tribu de 
nutrias de tamaño muy grande que incluyen, en función de los autores, a los géneros extintos 
Enhydriodon, Enhydritherium, Siamogale, Sivaonyx, y Torolutra, así como a la nutria marina 
actual (Enhydra lutris) (Willemsem, 1992; Pickford 2007; Werdelin, 2015). Estas nutrias se 
diversificaron enórmemente en África desde finales del Mioceno superior hasta el Plioceno 
superior (Werdelin y Peigné, 2010), aunque también estuvieron presentes en Eurasia y Norte 
América (Berta y Morgan, 1985; Willemsem, 1992; Pickford 2007; Werdelin, 2015). Las formas 
fósiles se dividen en taxones del viejo mundo — Enhydriodon, Siamogale, Sivaonyx, y Torolutra 
— y taxones del Nuevo mundo (Enhydritherium). Poseen una dentición adaptada al consumo 
de comida muy dura (ej. bivalvos y huesos) y algunas de estas nutrias fueron los mustélidos 
más grandes y masivos de todos los tiempos — ej. Enhydriodon dikikae Geraads et al., 2011 
(Figura 8B). La mayoría de los géneros — Enhydriodon, Siamogale, Sivaonyx, y Torolutra — 
están representados por material muy escaso (Hendey, 1978; Peigné et al., 2008; Lewis, 2008; 
Geraads et al., 2011), y se ha inferido un estilo de vida y locomoción variable desde terrestres 
hasta completamente acuáticos (Lewis, 2008; Peigné et al., 2008; Geraads et al., 2011).
Lo comentado anteriormente, indica y refleja la importancia de estos mustélidos gigantes 
dentro de la familia Mustelidae, cuyos géneros Megalictis, Paroligobunis, Zodiolestes, Eomellivora, 
Hadrictis, Plesiogulo, y Ekorus, tienen especial relevancia en la presente Tesis Doctoral y que 
serán tratados en los capítulos 3-7. En dichos capítulos se ampliará el conocimiento de su 
anatomía, taxonomía, sistemática, filogenia, y paleobiología. Una vez conocido el interés de 
los mustélidos gigantes dentro del contexto evolutivo de los mustélidos, se pasará a exponer los 
objetivos planteados de esta investigación.
V. Objetivos generales y específicos de la Tesis Doctoral
En esta Tesis Doctoral se ha planteado un objetivo general centrado en caracterizar la 
diversidad morfológica, y taxonómica de los mustélidos gigantes del Neógeno de Europa, Norte 
América, África y Asia, a través de descripciones anatómicas, caracterizaciones biométricas, así 
como estudios taxonómicos y sistemáticos de nuevo material fósil. Para ello se plantea resolver 
las relaciones filogenéticas de las formas fósiles gigantes, explorando las relaciones entre ellos 
y con los mustélidos actuales. Si se alcanzase este objetivo se podría contestar las siguientes 
preguntas que ayudarán a la mejor comprensión del registro e historia evolutiva de estas formas: 
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•	 ¿Qué es un mustélido gigante?
•	 ¿Los mustélidos gigantes se pueden considerar un grupo monofilético? o contrariamente, 
¿es un grupo parafilético? 
•	 ¿Cuál es su parentesco con los mustélidos actuales?
•	 ¿Por qué se hicieron gigantes estas formas extintas? 
•	 ¿Todos los mustélidos gigantes poseen las mismas características, y por tanto responden a 
una misma presión selectiva? o por el contrario, ¿se han desarrollado mustélidos gigantes 
cuyos taxones han tenido diferentes papeles en el ecosistema?
Por otro lado, también se han propuesto una serie de objetivos específicos que ayudarán a 
alcanzar el objetivo más general. A continuación se detallarán los objetivos específicos de cada 
uno de los capítulos que forman parte de esta Tesis Doctoral. 
•	 Capítulo 3. El objetivo específico que se plantea en este capítulo es la realización de la 
descripción craneomandibular y dentaria de nuevo material del oligobunino Megalictis 
ferox Matthew, 1907, con el fin de conocer la variabilidad morfológica de dicha especie, así 
como realizar un estudio sistemático de los mustélidos del Mioceno inferior de América del 
Norte, incluidos en el intervalo correspondiente al Arikareense (Ar3), que se corresponde 
con el límite Oligoceno-Mioceno inferior y al Arikareense superior (Ar4), 22.7–18.5 Ma. 
Se pretende testar la hipótesis de Hunt y Skolnick (1996), los cuales solo contemplan la 
existencia de una cronoespecie M. ferox para todo el Arikareense (Ar3) y (Ar4). Esta revisión 
involucrará a los géneros Oligobunis Cope 1879, Megalictis Matthew, 1907, Aelurocyon 
Peterson, 1907 y Paroligobunis Peterson, 1910 y permitirá abordar un estudio filogenético 
más amplio para poder conocer las relaciones de parentesco de los oligobuninos con los 
mustélidos actuales. 
•	 Capítulo 4. El objetivo más importante de este capítulo es realizar la descripción de la 
dentición del género Iberictis Ginsburg y Morales, 1992 de els Casots (Mioceno inferior de 
la Cuenca del Vallès-Penedès, Cataluña, España, 16.5–16.3 Ma, MN4). Este nuevo material 
resulta clave para evaluar la hipótesis de que Iberictis está relacionado con el mustélido 
gigante Plesiogulo prupuesta por Ginsburg y Morales, 1992, así como evaluar su relación con 
el actual glotón (Gulo). También se pretende estudiar y reexaminar los principales mustélidos 
de tamaño mediano y gigante — excluyendo a Oligobuninae y Lutrinae — del Mioceno de 
Eurasia, África y Norte América — Dehmictis Ginsburg y Morales, 1992, Ekorus Werdelin, 
2003, Eomellivora Zdansky, 1924, Hoplictis Ginsburg, 1961, Iberictis, Ischyrictis Helbing, 
1930, y Plesiogulo Zdansky, 1924 — incluyéndolos por primera vez en un análisis cladístico 




•	 Capítulo 5. El principal objetivo es la descripción del nuevo material craneomandibular 
y dentario del mustélido gigante Eomellivora procedente del complejo de yacimientos del 
Mioceno superior del Cerro de los Batallones, (Madrid, Vallesiense, MN10, 9 Ma). Gracias a 
la amplia muestra de Eomellivora encontrada en los yacimientos de Batallones 3 y Batallones 
10, se pretende: (1) Realizar su comparación con todo el material de Eomellivora descrito 
hasta la fecha; (2) efectuar, por primera vez, un análisis cladístico que incluya las especies 
mejor representadas de Eomellivora del registro fósil así como taxones actuales para conocer 
sus relaciones filogenéticas. Estos dos objetivos intentan testar la hipótesis propuesta por 
Wolsan y Semenov (1996) en la que postulan que solo existe una especie Eomellivora wimani 
Zdansky, 1924 que subdividen en dos cronosubespecies: E. w. piveteaui para el Vallesiense 
(MN9-10) y E. w. wimani para el Turoliense y Ventiense (MN11-13).
•	 Capítulo 6. En este capítulo el objetivo fundamental se centra en la reevaluación del 
mustélido gigante Hadrictis fricki Pia, 1939 de los yacimientos Wien XII-Altmannsdorf y 
Gaiselberg del Mioceno superior de Austria (Vallesiense, MN9). Se pretende describir el 
material publicado por Pia (1939) y Zapfe (1948), compararlo con un amplio espectro de 
mustélidos gigantes Miocenos de Eurasia y África, especialmente con miembros extintos de 
las subfamilias Guloninae y Mellivorinae.
•	 Capítulo 7. El objetivo más importante de este capítulo  es analizar la diversidad de mustélidos 
extintos de tamaño grande a gigante a través del estudio de varias medidas lineares de los 
huesos largos — húmero, radio, ulna, fémur y tibia — e índices biométricos de carnívoros 
actuales, lo cual permitirá inferir su locomoción y masa corporal, ayudándonos a comprender 
sus papeles ecológicos en las comunidades extintas. Además y paralelamente, usando los 
pesos corporales inferidos, se pretende obtener una nueva definición de mustélido gigante, 
y por extensión, de musteloideo gigante. 
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Esta tesis doctoral está dividida en cinco apartados. Los dos primeros (introducción, y 
material y métodos) así como el último (conclusiones generales) están escritos en castellano. 
En los dos primeros se presenta, de una forma global, a los mustélidos actuales y fósiles, así 
como las principales técnicas y métodos empleados. Los capítulos incluidos en los apartados 
de paleontología sistemática (capítulos 3-6) y paleobiología (capítulo 7) están escritos en 
inglés y tienen formato de artículo científico, por tanto, se incluyen los coautores cofirmantes 
en dichos trabajos. El capítulo 3 que trata sobre los Oligobuninos representados por el género 
Megalictis del Mioceno inferior de Norte América, así como el capítulo 5 en el que se estudia 
Eomellivora piveteaui del Mioceno superior de Cerro de los Batallones, Madrid, España, han 
sido publicados recientemente (Valenciano et al., 2015, 2016). Igualmente el capítulo 6, que trata 
sobre Eomellivora fricki del Mioceno superior de Austria se encuentra aceptado (Valenciano et 
al., aceptado). El resto de capítulos son inéditos y se pretende publicarlos en un futuro cercano.
1. Material estudiado
Se han descrito y estudiado una amplia muestra de mustélidos de talla grande y gigante del 
Neógeno y Cuaternario de Europa, Asia, África y Norte América. Adicionalmente también se 
ha estudiado una extensa muestra de carnívoros actuales pertenecientes a todas las familias que 
han servido como material de comparación. 
En la tabla 1 se muestran los fósiles estudiados en las diversas colecciones consultadas. En 
ella queda reflejado el nombre del taxón, sigla, su posición sistemática, yacimiento, edad, tipo 
de material estudiado (fósiles, moldes o bibliografía), capítulo de la tesis en las que se usan, y 
otra serie de informaciones relevantes como por ejemplo si se trata elementos craneales (1), que 
incluyen restos craneales, mandibulares y dentición; o postcraneales (2) (incluye únicamente el 
húmero, radio, ulna, fémur y tibia). En la figura 1 se representa la distribución estratigráfica de 
los taxones estudiados en la tabla 1. 
Las colecciones estudiadas pertenecen a las siguientes instituciones:
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Taxa Sigla Sistemática Yacimiento Edad MT 
Elemento 
Anatóm ico 
Ca pítulo OD 
Culo gulo F:AM 11 7088, F:AM 11 7087 G uloninae 




F Postcranea l 7 PT 
o F:AM 11 7086 F Postcranea l 7 PT ·¡::: = F:AM 11 7092 F Postcraneal 7 PT <'l = = "' Pleistoceno " .. ~ ~ Culo schlosseri NH MW A4652 Gu lon inae Püspokfürdo, Hungria Inferior/Medio M Craneal 4 PT 
<'l ·¡:¡ IMN18l = ¡s: u 
Hai le 7G, Condado de 
Trigonictis rnacrodon UF 234500 Galactinae Alachua, Florida, USA Pleistoceno Inferior F Postcraneal 7 PT 
Ferinestrix vorax AMNH-89785 Mel inae 
Hagerman fau na, Plioceno Superior 
M Postcraneal 7 PT 
ldaho, USA IB lancan) 





F Postcraneal 7 PT 
= Me/livora benfle/di PQ-L40080 Mellivorinae Langebaanweg, Plioceno infe rior F Postcraneal 7 PT = Sudáfrica (MN 14) "' " .~ Plesiogulo 
Guloninae Montpe\lier, Francia 
Plioceno inferior 
Craneal ¡s: FSL-401 87 F 4 PT monspessulanus IMN 14) 
PQ-L40042 
Langebaanweg, Plioceno inferior 
F 
Postcraneal 
3-4, 7 PT 
Sudáfrica (MN 14) y Craneal 




Craneal 4 PT 
--
MGUV-24585 
Venta del Moro, Mioceno Superior, 
F Craneal 4 PT 




AMNH-38902 (Molde KUVP 
Gu loninae Condado de Sherman, 
Plioceno infe rior 
F Craneal 4 PT 




Optima, Condado de 
Mioceno Superior-
F: AM 49490, F:AM 4949 1, 
Texas, Oklahoma, 
Plioceno inferior 
F Craneal 4 PT 





AMNH-105237 (Molde TMM Cofee Ranch Area, Plioceno infe rior 
4 1261- 12), F:AM 23378 Texas, USA (Hemphillian 










AMNH- 105449 (molde Plioceno inferior 
Condado Stanis laus, M Craneal 4 PT 




San Juan Quarry, Mioceno Superior-
F:AM 49230 
Condado de Río Plioceno inferior 
Arriba, New Mexico, (Hemphillian 




Marshall Ranch, Plioceno inferior 
Kansas, USA (J-lemphillian 











F:AM 49384, F:AM 49388, Plioceno inferior 
Plesiogulo /indsayi Guloninae Condado de Mojave, F Craneal 4 PT 
F:AM 49387, F:AM 49370 
Arizona, USA 
(Hemphillian 
'- Sunerior) = Mioceno Superior-·;:: 
"' Redington Quarry, Plioceno in ferior Q, F:AM 108060 F Postcraneal 7 PT = Arizona, USA (Hemphill ian "' = Superior) = "' " Localidad 30 de Mioceno Superior, = Plesiogulo crassa PM U-M16, PMU-M 17, Gu loninae F Craneal 4, 6 PT 
~ Zdansky (1924), China Turoliense (MN l2) 
PM U-M8 132 
Localidad 30 (2) de Mioceno Superior, 
F Craneal 4, 6 PT 
Zdansky ( 1924), China Turoliense (MNl2) 
PMU-M20, PMU-M8 136, Localidad 30 (5) de Mioceno Superior, 
F Craneal 4, 6 PT 
PMU-M8 128, PMU-M8 129 Zdansky ( 1924), China Turoliense (MNl2) 
PM U-M1 5, PMU-M2 1, PM U-
Localidad 108 de Mioceno Superior, 
3805, PMU-3806, PMU-
Zdansky ( 1924), China Turoliense (MN 12) 
F Craneal 4, 6 PT 
38065 
Localidad 111 de Mioceno Superior, 
Crani al PMU-3846 
Zdansky ( 1924), China Turoliense (MN 12) 
F 4, 6 PT 
--
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- Catamarca, Chiquimi l 
Cyonasua brev{facies FMNH P 14342 Procyonidae (Valle del Rio Santa 
Mioceno Superior (6 




MossAcress Mioceno Superior 
UF 10000 Lutrinae Racetrack, (Hemphi llian F Postcraneal 7 PT 
terraenovae 
Florida, USA Inferior, 7-6 Ma) 
Mioceno Superior, 
Miembro inferior de 
Cranea l y 
Ekorus ekakeran KNM-LT 23125 Melli vorinae Lothagan, Kenia Fm. Nawata M 
Postcraneal 
3-4, 6-7 PT 




Eomellivora wimani Melli vorinae Shangyingou, China Turol iense-Ventiense F Craneal 5-6 PT 
PMU-M3693 
(MN l2-1 3) 
Mioceno Superior, 
PMU-M3847 Liuwangou, China Tu rol iense-Vent iense F Craneal 5-6 PT 
IMN1 2-13l 
NHMW 20 16/0085/0001 y 
Mioceno Superior, 
Eomellivora ursogulo IPUW 1743 (Mo ldes PIN- Mellivorinae Grebeniki , Ucrania 
Tu rol iense (MN l I) 
M Craneal 3, 5-6 PT 
No.268) 
on. -J v~.1vvv,on. -
3' 13. 185, BAT-3'09.688, BAT-
3 '08.635, BAT-10'08-G4-102, 
BAT-3'09.250, BAT-3 '09.2a, 
Batallones-3, y Mioceno Superior, 
Eomellivora piveteaui BAT-3 '09.2b, BAT-3 '09.2c, Mel livor inae 
Batal Iones-! O, España Vallesiense (MN 1 O) 
F Craneal 3-6 PT 
BAT-3'08.526, BAT-3 ' 13.230, 
BAT-3'12. 1086, BAT-3'09.2, 
BAT-3 ' 11.11 80, BAT-10' 12-
titi-~ 09.1025, Bat-o 09.190, 
Bat-3'09. 1022, Bat-3'09.102 1, 
Bat-3'09. 1026, Bat-
3' 12.394,Bat-3 '08.528, Bat-
Batallones-3 
Mioceno Superior, 
3'09.49 1 Bat-3 ' 11.69 1, Bat- Vallesiense (MN 1 O) 
F Postcranea l 7 PT 
3' 11.902, Bat-3·10.979, Bat-
3' 11.692, Bat-3 ' 13.857, Bat-
1'AOIOOA J'bt.1' JI OA< 
WienXll -
Mioceno Superior, 
Eomellivora fricki NHMW 20 16/0065/0001 Melli vorinae Altmannsdorf, Viena, Craneal 6 PT 
Austria 
Va llesiense (MN9) 
NHMW 1977/1948/01 30 
Gaiselberg, Lower Mioceno Superior, 
Craneal 6 PT 
Austria, Austria Val lesiense (MN9) 
BAT-1 '05.C8-22, B-2390, B-
Mioceno Superior, 
Simocyon batalleri 52 (6), B-430, B-438, B-5448, Ailuridae Batallones-1 , España F Postcraneal 7 PT 
B-3680 




= Stheniclis sp F:AM 25235 Muste linae (Clarendonian F Postcraneal 7 PT ... 
0.11 Nebraska, USA 
•O In ferior) ... 
NHMW 1976/1818/0002, z 
Trocharion albanense 
NHMW 1976118 18/0003, 
Leptarctinae 
Dev inska Nova ves, Mioceno Medio, 
F Postcraneal 7 PT 
NHMW 1976/ 1818/0004, Eslovaquia Aragon iense (MN6) 
NHMW 1976/1818/0005 
Can Mata 1 (els 
Mioceno Medio, 
lschyrictis mustelinus IPS36394 Guloninae Aragon iense F Craneal 4 PT 
Hostalets de Pierola) 
(MN7/8) 
o MNHN-Sal5517, MNHN-
:; Sa 15518, MNHN-Sa 155 19, Mioceno Medio, 
"' Jschyrictis zibethoides Gulon inae Sansan, Francia F Craneal 4, 6 PT ~ MNHN-Sa375, MNHN- Aragon iense (MN6) 
o Sa4668 MNHN-Sa4670 = "' Santa Cruz, New Mioceno Medio " Brachypsalis sp. AMNJ-1- 27430 O ligobun inae F Postcraneal 7 PT o Mexico, USA (Clarendonian) 
~ Lower Santa Cruz, Mioceno Med io 
AMNH-27424 F Postcraneal 7 PT 
New Mexico, USA (C larendonian) 
F:AM 144536, F:AM 144537, 
Echo Quarry, Mioceno Med io 
F:AM 144545, F:AM 144538, 
Nebraska, USA (Barstovian Inferior) 
F Postcraneal 7 PT 
F:AM 144570 
Quarry 2, Nebraska, Mioceno Medio 
Postcraneal F:AM 144539 
(Barstovian Inferior) 
F 7 PT 
USA 
F:AM 144540, F:AM 144542 
Humburg, Nebraska, Mioceno Med io 
F Postcraneal 7 PT 
USA (Barstovian Inferior) 
F:AM 144544 
Mili Quarry, Nebraska, Mioceno Medio 
F Postcraneal 7 PT 
USA (Barstovian Inferior) --
F:AM 144530, F:AM 144531 , 
Greenside Quarry, 
Mioceno Inferior 





Mioceno In ferior 








-- Mioceno Inferior 
F:AM 144541 
Ravine Quarry, 









MNHN Ar9, MNHN A2450, Stem 
Artenay, Francia 
MNHN A245 1 melli vorinae 
Mioceno Inferior, 
Aragon iense (MN4) 
F Craneal 4 PT 
MNHN LRM1044. MNHN 
!berictis buloti 
LRM1032, MNHN LRM782, . 
Pellecaus, Francia 
Mioceno Inferior, 
F Craneal 4 PT MNHN LRM 789, MNCN-74707 Gulonmae Aragoniense (MN4) 
(molde) 
ll'~IUU/ó, ll'~IUU //, 
IPS 10083, IPS10085 , 
IPS 10086,!PS24 l 59, 
1 PS85598, IPS 10072, 
!PS24107, !PS24700, 
e ls Casots, España 
Mioceno Inferior, 
IPS85595, IPS 10084, Aragon iense (MN4) 
F Craneal 4 PT 
!PS 10069, IPS24686, 
IPS10079, IPSIOOSO, 
!PS10066, !PSI0067, 
rn~ • AMO 
Jberictis azanzae 
MPZ-16522, MPZ-16523 , MPZ-
Gulon inae Artesilla, España 
Mioceno In ferior, 
F Craneal 4 PT 
16524. MPZ-16525, MPZ- 16526 Aragoniense (MN4) 
Mi ller s i te, Dixie Co, 
Mioceno Inferior 





Mioceno In ferior (20 10), R. 
Pu{ji/a darwini NUFV- 405 Stem pinniped Island, (Canada) 
(Aquitanian, MN 1-3) 




Rosebud 22, Porcupine ... = Mega/ictis ferox AMNH-12880 Ol igobuninae Butte, Black Bear Fm. Mioceno Inferior, F Craneal 3 PT ·¡: 
Condado de Stan ley, Arikareean (Ar4) ..!: ..: South Dakota, USA 
= N iobrara Canyon, = "' " AMNH-22632 (Molde CM Local Fauna, Condado Mioceno Inferior, = M Craneal 3 PT 
~ 1590) de Sioux, Nebraska, Arikareean (Ar4) 
USA 
8 North of Lusk, 
Mioceno Inferior, 
AMNH-54076 condado de Goshen, 
Arikareean (Ar4) 
F Craneal 3 PT 
Wyoming, USA 
AMNH- 1288 1 
Rosebud 5 , South M ioceno Inferior, 
Dakota, USA Arikareean (Ar4) 
F Postcraneal 7 PT 
F:AM 25430 
H. Demonolix, Mioceno Inferior, 
F 
Caneal y 
3, 7 PT 
Nebraska, USA Arikareean (Ar4) Postc raneal 
F:AM 54079 
16 Mil les High Brown Mioceno Inferior, 




3, 7 PT 
F:AM 144568, F:AM 54077 Lusk, Wyoming, USA 
Mioceno Inferior, 
F Postcraneal 7 PT 
Arikareean (Ar4) 
FMNH 1' 12 154 
JM distrito, Wyom ing, Mioceno Inferior, 
USA Arikareean (Ar4) 
F Postcraneal 7 PT 
Harrison beds, Región 
Mioceno Inferior, 




TMM 40966- 1 (molde ACM 
Oligobuninae 
near Van Tassel, M ioceno Inferior, 
M Craneal 3 PT 
2011 ) Wyoming, USA Arikareean (Ar4) 
IPUW 7516a, !PUW 7516b, 
IPUW 75 16c, IPUW 7520a, 
Montaigu (Saint-
Potamotheriwn IPUW 7520b, IPUW 7617a, Mioceno Inferior 
Stem muste lid Gerand -le -Puy), F Postcranea l 7 PT 
valletoni IPUW 75 19a, IPUW 75 19 b, 
Francia 
(MN2) 
!PUW 7519 c, !PUW 7518a, 
IPUW 75 18b 
NMB S.g. 7040, 1946 F Postcranea l 7 
R. Paterson 
pers. Comm 
A gate Foss i 1 Beds 
Mega/ictis simp/icidens UF/CC 126 (molde CM 1553) Oligobuninae 
Nat ional Monument, Mioceno Inferior, 
M Craneal 3 PT 
Condado de Sioux Arikareean (Ar3) 
Nebraska,USA 
Mega/ictis frazieri Ull 23928 O ligobuninae 




F Craneal 3 PT 
Niobrara River, 
Mioceno Inferior, Canea! y 
Promartes olcotti FMNH Pl5178 Ol igobuninae Condado de Sioux, F 7 PT 
Nebraska, USA 
Arikareean (Ar3) Postcraneal 
Zodio/estes 
N iobrara River, 
Mioceno Inferior, Canea! y 
daimonelixensis 






O/igobunis crassivu/tus AMNH 6903 Oligobuninae 
Haystack Valley, Mioceno Inferior, 
F Craneal 3 PT 
Oregon, USA Arikareean (Ar3) 
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AHR, Comparative Anatomy Research Collection, University of South Carolina School 
of Medicine, Columbia, USA; AMNH, American Museum of Natural History, Division of 
Paleontology y Division of Mammalogy, New York, USA; F:AM, colección perteneciente a la 
colección Frick of the Division of Paleontology, AMNH, New York, USA; FMNH, Field Museum 
of Natural History Chicago, Illinois, USA; FSL, Université Claude Bernard Lyon 1, Lyon, Francia; 
ICP, Institut Català de Paleontologia Miquel Crusafont, Universitat Autònoma de Barcelona, 
España; IPUW, Institut für Paläontologie, Universität Wien, Viena, Austria; MGUV: Museo de 
Geología de la Universitat de València, Burjassot, España; MNCN, Museo Nacional de Ciencias 
Naturales Madrid, España; MNCNCOMP, Colección de anatomía comparada del Museo 
Nacional de Ciencias Naturales Madrid, España; MNHN, Muséum national d’Histoire naturelle, 
          Tabla 1. Tabla con los datos de los musteloideos estudiados en las colecciones. Siglas en negrita significa 
estudio directo del holotipo o lectotipo. Abreviaturas: F, fósil; M, molde, MT, material estudiado; OD, origen de 
los datos; Pers. comm, comunicación personal; PT, presente tesis.
Figura 1. Distribución temporal y geográfica de los mustéloideos (mustélidos, prociónidos y ailúridos) estudiados en 
las colecciones. Edades de Mamíferos Terrestres de Norteamérica (North American Land Mammal Age, NALMA) 
basadas en Tedford et al., (2004), Albright et al., (2008) y Hilgen et al., (2012). Edades de Mamíferos Terrestres de 
Europa (European Land Mammal Ages) y Unidades MN (Mammal Neogene Units) basados en Hilgen et al., (2012) 
y Morales et al., (2013).
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Paris, Francia; MPZ, Museo Paleontológico de la Universidad de Zaragoza, Zaragoza, España; 
NHMW, Naturhistorisches Museum Wien,Viena, Austria; NRM, Naturhistoriska rikmuseet, 
Estocolmo, Suecia; PMU, Palaeontological Museum, University of Uppsala, Uppsala, Suecia; 
UF, Vertebrate Paleontology Collection of the Florida Museum of Natural History (FLMNH), 
University of Florida, Gainesville, USA; USNM, United States National Museum of Natural 
History, Smithsonian Institution, Washington DC, USA; VAL, Museo de anatomía comparada 
de la Universidad de Valladolid, facultad de medicina, Valladolid, España.
Así mismo, también se han estudiado fósiles mediante fotografías, pertenecientes a las 
siguientes colecciones e instituciones:
ACM, Amherst College Beneski Museum of Natural History, Massachusetts, USA; 
BSPG, Bayerische Staatssammlung für Paläontologie und Geologie, Munich, Alemania; CM, 
Carnegie Museum of Natural History, Pittsburgh, USA; LGPUT, Laboratory of Geology and 
Palaeontology, University of Thessaloniki, Grecia; MCZ, Museum of Comparative Zoology 
of Harvard University, Cambridge, USA; MFGI, Geological and Geophysical Institute of 
Hungary, Budapest, Hungría; NMB, Naturhistorisches Museum Basel, Suiza; NME, National 
Museum of Ethiopia, Addis Ababa, Etiopia; PIN, Palaeontological Institute, Russian Academy 
of Sciences, Moscú, Rusia; SAM-PQL, Iziko South African Museum, Cape Town South African 
Museum, Sudáfrica; SMNS, Staatliches Museum für Naturkunde, Sttutgart, Alemania; TMM, 
Texas Memorial Museum at the Vertebrate Paleontology Laboratory, the Jackson School of 
Geosciences, University of Texas, Austin, Texas, USA; UST, Tiraspol State University, Chisinau, 
Moldavia.
Igualmente se han estudiado, mediante las publicaciones originales y fotografías efectuadas 
por conservadores o colegas, los holotipos y lectotipos de algunas especies importantes 
para nuestro trabajo, como por ejemplo Eomellivora piveteaui ubicado en Muséum National 
d’Histoire Naturelle de Paris, Eomellivora hungarica que se encuentra en el Geological and 
Geophysical Institute of Hungary de Budapest, Eomellivora (=Perunium) ursogulo depositado 
en el Palaeontological Institute, Russian Academy of Sciences de Moscú, o Megalictis ferox 
(=Aelurocyon brevifacies) depositado en Carnegie Museum of Natural History de Pittsburgh.
2. Descripciones y medidas anatómicas
Para realizar las descripciones anatómicas se ha utilizado la nomenclatura propuesta por 
Scapino (1968), Turnbull (1970), Barone (1999, 2000), Waibl et al., (2005), Evans y de Lahunta 
(2010, 2013) y Hartstone-Rose et al., (2012). La terminología usada se ajusta al estándar de la 
Nomina Anatomica Veterinaria (Waibl et al., 2005), a excepción de los complejos musculares 
del masetero y temporal para los cuales seguimos a Hartstone-Rose et al., (2012). En la figura 2 
se observan las distintas partes, elementos anatómicos y nomenclatura del cráneo, mandíbula y 
dentición estudiados.
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La nomenclatura dental utilizada es la propuesta por Ginsburg (1999) y Smith y Dodson 
(2003). En la figura 3A se indican las vistas y los distintos elementos de la dentición. Cada pieza 
dental se indica por medio de la primera letra, siendo: i, incisivo, c, canino, p, premolar, y m, 
molar; la dentición superior se escribe en mayúsculas y la inferior en minúsculas. A continuación 
cada pieza dental va seguida de un dígito que indica su posición en la hilera dental. Por ejemplo, 
P4 se refiere al cuarto premolar superior, también llamado carnicera superior y m2 al segundo 
molar inferior. 
Las descripciones realizadas sobre la musculatura asociada al aparato masticador siguen 
la nomenclatura de Scapino (1968) y Hartstone-Rose et al., (2012), modificada por Valenciano 
et al., (2013) (Figura 3B-E). 
Las vistas de cada elemento anatómico, incluido cráneo y el resto del esqueleto, se muestran 
en la figura 4. Los términos direccionales utilizados en las descripciones son los propuestos por 
Evans y de Lahunta (2010, 2013) y se relacionan a continuación:
•	 Plano: Superficie real o imaginaria a lo largo de la cual dos puntos cualquiera pueden 
ser conectados por una línea recta.
•	 Plano mediano o sagital: Plano que divide la cabeza, cuerpo o extremidad 
longitudinalmente en dos mitades iguales, siendo una izquierda y otra derecha.
•	 Plano transversal: Plano que corta a través de la cabeza, cuerpo o extremidad en un 
ángulo recto con respecto a su eje más largo o a través del eje más largo de un órgano 
o una parte.
              Figura 2. Nomenclatura del cráneo y mandíbulas. Mellivora capensis NRM-A591016. A. Vista dorsal; B. 
Vista caudal; C. Vista lateral; D. Vista ventral. Abreviaturas: AN, Apertura nasal; B, Bulla timpánica; BO, Hueso 
basioccipital; CG, Cavidad glenoidea; CL, Canal lacrimal; CLA, Cresta lambdoidea; CM, Cuerpo mandibular; 
CN, Cresta nucal; CO, Cóndilo occipital; COE, Cresta occipital externa; CS, Cresta sagital; F, Hueso frontal; FC, 
Foramen condilar; FCA, Foramen de la carótida; FCL, Foramen caudal lacerado (Posterior lacerate foramen o 
posterior foramen lacerum); FI, Foramen infraorbital; FIN, Foramen de los incisivos; FJ, Foramen jugular; FL, 
Foramen lacerum; FM, Foramen mental; FMG, Foramen Magnum; FMS, Fosa masetérica; FO, Foramen oval; 
FOE, Foramen oval externo; FP, Foramen del Palatino; FPG, Foramen postglenoideo; FRE, Foramen rotundum 
externo; FS, Foramen stylomastoideo; H, Proceso Hamulus; MAE, Meato auditivo externo; MX, Hueso maxilar; 
N, Hueso nasal; O, Orbita ocular; Pa, Hueso parietal; PA, Proceso angular; PAR, Proceso articular; PC, Proceso 
coronoides; PFZ, Proceso frontal del hueso zigomático; PM, Proceso mastoideo; POE, Protuberancia occipital 
externa; PP, Proceso paraoccipital; PPO, Proceso postorbital ó proceso zigomático del hueso frontal; PRM, Hueso 
premaxilar; PT, Hueso pterigoideo; SM, Sínfisis mandibular; SO, Hueso supraoccipital; T, Hueso temporal; Z, 
Hueso zigomático; Abreviaturas usadas en la dentición: C, c, canino; I, i, incisivo; P, p, premolar; M, m, molar; la 
mayúscula indica dentición superior y la minúscula indica dentición inferior; el número corresponde con el orden 
de la pieza en la hilera dentaria.
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Figura 3. (A) Nomenclatura de la dentición, 
modificada de Ginsburg (1999), y de la musculatura 
relacionada con el aparato masticador (B-E), 
según Hall (1926, 1927), Scapino (1968), Evans y 
de Lahunta (2010, 2013), y Hartstone-Rose et al., 
(2012). A, Dentición de un carnívoro modelo, no 
a escala; B-E, Modelo del cráneo y mandíbula de 
Eomellivora piveteaui de Batallones (B-E), basado 
en los fósiles descritos por Valenciano et al., (2015). 
B, vista lateral; C, vista dorsal; D, vista ventral; 
E, vista caudal. Abreviaturas de la dentición: 
AES, área estilar; C, cuenca; CAM, cúspide 
accesoria messial; CD, cíngulo distal; CL, cíngulo 
lingual; CP, cúspide principal; CTD, Cuenca del 
talónido; END, entocónido; ENLD, entoconúlido; 
HIP, hipocono; HIPC, hipoconúlido; HIPD, 
Hipocónido; IN, “intercuspid notch” (muesca 
intercuspide); ME, metacono; MEC, metacónulo; 
MED, metacónido; MS, metastilo; PA, paracono; 
PAD, paracónido; PAR, paracónulo; PCAD, 
primera cúspide accesoria distal; PR, protocono; 
PRD, protocónido; PS, parastilo; SCAD, segunda 
cúspide accesoria distal. Abreviaturas del 
origen e inserción de los músculos (M): Cl, M. 
cleidomastoideus; Cp, M. cleidocephalicus; Di, 
M. digastricus; Dm, M. masseter pars profunda 
o masseter profundus; Dt, M. temporalis pars 
profunda o temporalis profundus; Lc, M. longissimus 
capitis; Mp, M. pterygoideus medialis; Oc, M. 
obliquus capiti cranialis; Rh, M. rhomboideus 
capitis; Rl, M. rectus capitis lateralis; Rma, M. 
rectus capiti dorsalis major; Rmi, M. rectus capiti 
dorsalis minor; Sc, M. semispinalis capitis; Sm, M. 
masseter pars superficialis o masseter superficialis; 
So, M. sternocephalicus pars occipitalis; Sp, M. 
splenius capitis; St, M. temporalis pars superficialis; 
Stm, M. sternocephalicus pars mastoidea; Te, M. 
temporalis (pars superficialis y profunda); Zm, M. 
zygomaticomandibularis; Zt, M. pars zygomatic 
del temporalis. Escala para B-E = 5 cm. 
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•	 Plano dorsal: Plano perpendicular a los planos mediano y transversal, que divide así 
el cuerpo o la cabeza en un segmento dorsal y otro ventral. 
•	 Dorsal: Hacia, o relativamente cerca de la espalda y su correspondiente superficie de 
la cabeza, cuello y cola. 
•	 Ventral: Hacia o relativamente cerca del abdomen, y su correspondiente superficie 
de la cabeza, cuello, tórax y cola. Este término no se usa nunca para las extremidades 
anteriores y posteriores.
•	 Medial: Hacia o relativamente cerca del plano mediano. 
•	 Lateral: Lejos o relativamente más alejado del plano mediano.
•	 Craneal: Hacia o relativamente cerca de la cabeza. En la cabeza se reemplaza por el 
término  rostral. 
•	 Rostral: Hacia o relativamente cerca de la nariz. Se aplica exclusivamente en la cabeza.
•	 Caudal: Hacia o relativamente cerca de la cola. 
•	 Interno o interior: Cerca de, o en dirección hacia el centro de un órgano, cavidad 
corporal o estructura. 
Figura 4. Vistas anatómicas seguidas en esta tesis ilustradas sobre el esqueleto del glotón actual (Gulo gulo), 
modificado de Pales y García (1981).
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•	 Externo o exterior: Lejos del centro de un órgano o estructura.
•	 Proximal: Relativamente cerca de la masa principal u origen. En las extremidades y la 
cola, representa el extremo unido al cuerpo o más próximo a él. 
•	 Distal: Lejos de la masa principal u origen. En las extremidades y la cola, representa el 
extremo libre, o el más alejado del cuerpo.
•	 Palmar: En la extremidad anterior, zona donde se ubican las almohadillas — la 
superficie que entra en contacto con el suelo cuando el animal está de pie — y también 
la superficie correspondiente del metacarpo y el carpo. 
•	 Plantar: En la extremidad posterior, área donde se ubican las almohadillas — la 
superficie que entra en contacto con el suelo cuando el animal está de pie — y la 
superficie correspondiente del metatarso y del tarso. La superficie opuesta tanto de la 
extremidad anterior como de la posterior es conocida como la superficie dorsal.
•	 Eje: Línea central del cuerpo o de cualquiera de sus partes.
•	 Axial, Abaxial: Perteneciente o relativo al eje. La superficie axial está orientada hacia 
el eje y la superficie abaxial está alejada del eje. 
Términos relacionados con movimientos básicos de partes del cuerpo (Evans y de Lahunta 
2010, 2013): 
•	 Flexión: Es el movimiento de un hueso en relación con otro de tal manera que el 
ángulo formado en su articulación se reduce. La extremidad se retrae o pliega, los 
dedos se doblan o la espalda se arquea dorsalmente.
•	 Extensión: Es el movimiento de un hueso sobre otro de forma que el ángulo que 
forma su articulación aumenta. La extremidad se extiende, los dedos y la espalda se 
enderezan.
•	 Abducción: Es el movimiento de una parte corporal que se aleja del plano mediano.
•	 Adducción: Es el movimiento de una parte corporal hacia el plano mediano.
•	 Rotación: Es el movimiento de una parte corporal alrededor de su eje más largo. La 
dirección de rotación de una extremidad o segmento de una extremidad en su eje largo 
se designa por la dirección de movimiento de su superficie craneal o dorsal (ej. en la 
rotación medial del brazo, la cresta del tubérculo mayor se coloca en posición medial).
•	 Supinación: Rotación lateral del apéndice para que la superficie palmar o plantar de la 
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extremidad se enfrente medialmente.
•	 Pronación: Rotación medial del apéndice desde la posición supina de modo que la 
superficie palmar o plantar se enfrenten al sustrato. 
Para realizar las medidas de fósiles y huesos se han usado calibres digitales de 150 y 300 
mm de la marca Mitutoyo Absulote con una precisión de 0.1 mm. En la figura 5 se representa las 
medidas usadas relacionadas con los restos dentognáticos (cráneo, mandíbula y dentición). Sin 
embargo, las medidas de los elementos del esqueleto postcraneal se explicarán en el capítulo 7, 
correspondiente al estudio de la locomoción y peso corporal de los mustélidos gigantes.
Figura 5. Medidas utilizadas en los capítulos de esta tesis, ilustradas sobre la actual marta pescadora (Pekania 
pennanti) FMNH124449 y FMNH 129326. Abreviaturas: A, anchura máxima; Alm1, Altura del cuerpo mandibular 
debajo del primer molar inferior (m1); A Mas, anchura máxima entre los procesos mastoideos del cráneo; AZ, 
anchura máxima entre los arcos zigomáticos; L, longitud máxima; LCB, Longitud condilobasal, longitud máxima 
del cráneo medida desde la parte más rostral del cráneo (correspondiente a los alveolos del premaxilar) hasta la 
parte más caudal del cóndilo occipital; L Ma, longitud máxima de la mandíbula medida desde la parte más rostral 
de la sínfisis mandibular hasta la parte más caudal del proceso articular. 
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3. Escaneos superficiales en tres dimensiones (3D)
La creciente importancia de técnicas virtuales en paleontología, así como en otras ciencias 
descriptivas próximas — antropología o zoología — plantea el uso de diferentes tecnologías 
complementarias a las técnicas descriptivas más clásicas. Ejemplos de estas técnicas son los 
escáneres láseres superficiales, los escáneres de tomografía computarizada de Rayos X (CT) o 
la microtomografía computarizada (Micro CT), usados normalmente en medicina o ingeniería. 
El uso de estas técnicas no destructivas relativamente nuevas, permite no solo una correcta 
digitalización de las colecciones de los museos e instituciones, sino también una mejora en el 
estudio de la morfología externa e incluso interna de los fósiles (TAC y Micro CT). 
Con el fin de realizar modelos virtuales de los fósiles estudiados se ha usado el escáner 
laser superficial 3D NextEngine 2020i (NextEngine Inc., Santa Monica, CA, USA). Este 
escáner, es un escáner de bajo coste, fácilmente transportable, y con un potencial enorme en 
paleontología, antropología, zoología y arqueología (ej. Slizewski y Semal, 2009; Kuzminsky y 
Gardiner 2012; Abella et al., 2013, 2015, Valenciano et al., 2015, 2016). La precisión del escáner 
es de 0.127 mm y su resolución es de 16 puntos por mm (precisión dimensional declarada por 
el fabricante). Esta precisión permite la realización de modelos virtuales de fósiles y huesos muy 
rigurosos que varían desde un tamaño centimétrico — el tamaño mínimo en el que la dentición 
se escanea perfectamente, sin que las cúspides varíen respecto del original, es un tamaño similar 
al que tiene una mandíbula de la marta europea (Martes martes); sin embargo, se pueden crear 
modelos virtuales de carpales o tarsales bastante más pequeños, de aproximadamente 1.5 cm de 
alto y largo —, hasta tamaños decimétricos — cráneos completos de leones o incluso jirafas, que 
se escanean por partes. En la última década las aplicaciones de los modelos virtuales creados 
con este escáner han aumentado considerablemente, siendo algunas de ellas: (1) digitalización 
de las colecciones, (2) creación de PDF 3D y videos de los fósiles estudiados que aparecen con 
las publicaciones científicas y que completan las descripciones clásicas. Los modelos virtuales 
aportan volumen, agregando una nueva información junto con los valiosos datos que ofrecen 
las fotografías tradicionales en dos dimensiones, lo cual facilita enormemente su comparación 
rápida, directa y efectiva con otros especímenes o taxones — ya que evita manipular los fósiles 
directamente, disminuyendo la probabilidad de que se rompan, inherente de la manipulación y 
ahorra tiempo y dinero, evitando nuevos viajes a los museos — (3) el modelo virtual facilita el 
estudio biométrico, permitiendo realizar mediciones sobre los fósiles (medidas lineares, áreas y 
volúmenes); (4) realización de análisis de la forma mediante técnicas de morfometría geométrica; 
(5) implementación de estudios biomecánicos y de locomoción asociados al montaje virtual 
de los esqueletos en 3D, mediante el estudio de los rangos de movimiento de los huesos; (6) 
ejecución de moldes, para algunas piezas, que constituyen una alternativa viable de los moldes 
clásicos, ya que se puede llegar a imprimir los modelos virtuales en formato físico.
En el transcurso de esta tesis doctoral se han realizado varios modelos 3D de cráneos, 
mandíbulas y esqueletos postcraneales que se han usado con el propósito de efectuar los estudios 
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comparativos y descriptivos (Figura 6); se han realizado PDFs en 3D (material suplementario 
Valenciano et al., (2015) y videos suplementarios en artículos científicos (ej. Abella et al., 2013, 
2015; Valenciano et al., 2016). Estos modelos virtuales han permitido (Valenciano et al., 2015) 
eliminar parcialmente la distorsión lateral que tenía el cráneo de Eomellivora piveteaui Bat-
3´09.1000 fruto de la compresión de los sedimentos, mediante la realización de una técnica 
llamada retrodeformación (capítulo 5 para conocer más detalles sobre esta técnica). En ocasiones, 
si los fósiles tienen el tamaño adecuado, el escáner Nextengine puede ser una alternativa al 
uso de tomografías computarizadas, siempre y cuando solo interese reproducir la morfología 
externa, siendo un instrumento más rápido, económico, y transportable. Sin embargo, la gran 
limitación de esta técnica radica en que solo es útil para superficies externas, siendo necesario, 
para estudiar cavidades internas de los fósiles o bloques con fósiles no visibles en su interior, el 
uso de un CT. 
Figura 6. Aplicaciones del escáner laser superficial en 3 dimensiones Nextengine y modelos superficiales 
tridimensionales usados. A. Cráneo y mandíbula del ejemplar BAT-3´09.1000 de Eomellivora piveteaui, del 
Mioceno superior del Cerro de los Batallones (España). B. Escáner Nextengine, durante el escaneado del cráneo 
BAT-3´09.1000; C. Modelos superficiales en tres dimensiones creados a partir de los escaneos de BAT-3´09.1000 
y BAT-3´08.526 de Eomellivora piveteaui, publicados en Valenciano et al., (2015); D. Modelos superficiales en tres 
dimensiones de F:AM 25430 Megalictis ferox (izquierda) publicado en Valenciano et al., (2016) y marta americana 
(Martes americana) (derecha). Escala de A y D =5 cm.
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4. Análisis filogenéticos
El estudio de las relaciones de parentesco de los mustélidos fósiles se ha realizado mediante 
análisis filogenéticos o cladísticos utilizando el software PAUP* 4.0b10 (Swofford 2002). 
La reconstrucción filogenética se basa en una metodología cladística, la cual proporciona 
uno o varios árboles preferidos (cladogramas) que representan las relaciones de grupo hermano 
entre los taxones, pero nunca una hipótesis de relación de antecesor-descendiente (Felsenstein 
2004). En todos los análisis cladísticos, se realizaron búsquedas basadas en el análisis de 
máxima parsimonia. Este modelo matemático se fundamenta en la premisa de que el árbol 
más probable es aquel que requiere el menor número de cambios de estado para explicar los 
datos, minimizando la cantidad de cambio evolutivo requerido (Hall, 2001; Sánchez 2005). De 
esta forma los taxones que comparten el estado derivado de un carácter lo han heredado de un 
antecesor común, con la excepción de que lo compartan debido a una homoplasia (carácter 
adquirido de forma independiente). 
Se ha usado el procedimiento ‘branch and bound” (Swofford 2002) como algoritmo de 
búsqueda para obtener los árboles más cortos (óptimos). En este método el programa construye 
un cladograma para todos los taxones y  el algoritmo  se encarga de detectar en qué ramificación 
las soluciones dadas ya no están siendo óptimas, para “podar” esa rama del árbol y no continuar 
buscando otras opciones que se alejan de la solución óptima. La búsqueda Branch and Bound 
ahorra tiempo ya que se evalúan todos los cladogramas posibles y elige el más corto. 
La robustez de los clados obtenidos fue probada mediante dos test estadísticos. Por un 
lado se ha usado el test bootstrap, un test estadístico no paramétrico que consiste en muestrear 
el conjunto de los datos eliminando al azar caracteres del análisis. Siempre se han realizado 1000 
réplicas de bootstrap en nuestros análisis. Las nuevas “pseudo-réplicas” se usan para generar 
nuevos árboles y probar si se obtienen los mismos nodos que en el árbol original. Valores altos 
de bootstrap indican nodos robustos. Sin embargo, no existe consenso sobre el nivel de robustez 
de un nodo en función del valor del bootstrap obtenido, ya que varía en función del tipo de 
análisis (ej., análisis cladísticos basados en datos moleculares suelen tener un número muy alto 
de caracteres y taxones; y los análisis basados en datos morfológicos, normalmente presentan 
un tamaño muestral inferior al anterior); para algunos autores los valores de bootstrap mínimos 
aceptables deben ser mayores de 50, 70, o incluso superiores a 95 (ej. Felsentein, 1985; Hillis y 
Bull, 1993; Soltis y Soltis, 2003). Por otro lado, se usaron los índices de soporte Bremer; consisten 
en buscar el número de pasos extras que se necesitan para colapsar un clado. Cuanto mayor es 
el valor de Bremer mayor robustez muestra el nodo. Este método es cada vez más usado como 
indicador de soporte de robustez en paleontología debido a que usualmente se usan conjuntos de 
datos con un muestreo pequeño (menos 100 taxones y 100 caracteres), pudiendo proporcionar 
unos valores de soporte lo suficientemente precisos (Müller, 2005; Forey, 2007).
Debido a que cada capítulo taxonómico y sistemático plantea resolver o comprobar 
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diferentes hipótesis en distintos taxones, los caracteres morfológicos se han elegido a propósito 
en cada uno de ellos. No obstante, muchos de los caracteres han sido usados en la mayoría de los 
capítulos. Para cada capítulo se ha construido una matriz con diferentes taxones y caracteres en 
la que se incluyen los diferentes estados del carácter. Se han usado solo caracteres relacionados 
con cráneo, mandíbula y dentición, debido a que son los restos más comunes en el registro 
fósil y a que la dentición es una fuente taxonómica de primer orden para los paleontólogos de 
vertebrados, siendo los restos postcraneales de los mustélidos gigantes muy escasos y, por tanto, 
de difícil utilización en un análisis de este tipo. La mayoría de los caracteres utilizados en los 
análisis filogenéticos que en esta tesis se presentan han sido creados por nosotros (Valenciano et 
al., 2015, 2016, aceptado y capítulo 4 de la presente tesis); sin embargo, algunos otros caracteres 
fueron ya empleados previamente por diferentes investigadores (Wolsan 1993; Bryant et al., 
1993; Wesley-Hunt y Werdelin 2005). 
5. Análisis estadísticos
En los capítulos sobre taxonomía y sistemática, los estudios morfológicos se han 
complementado con análisis métricos. Dichos análisis consistieron en diagramas de dispersión 
de la longitud y anchura de la dentición. Adicionalmente, en el capítulo 7 relacionado con peso 
corporal y locomoción de los mustélidos gigantes, se han usado análisis multivariantes como 
Análisis jerárquicos de Agrupación (HCA, Hieralchical Cluster Analysis), análisis discriminantes 
(CVA, Canonical Variate Analysis) y regresiones simples y múltiples basadas en el método de los 
cuadrados menores (Ordinary Least square regression, OLS regressions). Estos análisis fueron 
realizados con los paquetes estadísticos PAST 3.0 (Hammer et al., 2001) y IBM SPSS Statistics 
22 (IBM corp, 2013).
El análisis de agrupación jerárquica (HCA), es una técnica que agrupa muestras mediante 
la examinación de múltiples variables y su similitud, siendo el método de agrupamiento que 
más se utiliza en ciencias de la tierra (Davis, 1986). Es una herramienta diseñada para revelar 
las agrupaciones naturales dentro de un conjunto de datos. Este método comienza separando 
cada muestra (taxón en nuestro análisis) en un grupo independiente. Por ejemplo, si la muestra 
presenta 30 taxones, al comienzo habrá 30 grupos terminales. En cada etapa posterior del 
análisis, el criterio por el que los taxones son separados se suaviza con el fin de enlazar los dos 
grupos más similares hasta que todos los objetos sean agrupados en un árbol de clasificación 
completo. Aquí se ha usado como técnica explorativa para realizar inferencias más precisas, 
sirviendo de paso previo a los análisis discriminantes. Se ha seguido el método de Ward en 
el que los grupos se unen de tal manera que el aumento de la varianza dentro del grupo se 
minimiza. Adicionalmente se usaron distancias Euclideas como medida de similitud dentro del 
método de Ward ya que produce los grupos más distintivos (Güler et al., 2002).
El Análisis discriminante (CVA) es una técnica estadística multivariante empleada para 
identificar características que diferencian o discriminan dos o más grupos, creando una función 
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capaz de distinguir con la mayor precisión posible a los miembros de diferentes grupos. Por lo 
tanto, se emplea con el objetivo de clasificar un conjunto de objetos en grupos alternativos a partir 
de los valores de un conjunto de variables cuantitativas independientes medidas sobre dichos 
objetos. Las variables utilizadas para realizar la clasificación de los individuos se denominan 
variables predictivas. La información de las variables predictivas se sintetizan en unas funciones 
llamadas funciones discriminantes, en nuestro caso canónicas, que son las que se usan en el 
proceso de clasificación. Se ha usado el Análisis Discriminante de Variables Canónicas por pasos 
(CVA) para inferir diferentes modos de locomoción en mustélidos fósiles. Con ello, y en función 
de las variables obtenidas tras la medición de los fósiles, el análisis compara las variables de 
carnívoros actuales recopiladas así como con la clasificación locomotora que se les ha asignado 
y fuerza la clasificación de los taxones extintos dentro de los grupos locomotores previamente 
establecidos.
El análisis de regresión se utiliza para describir la relación funcional entre dos variables con 
el objetivo de que el valor de uno pueda predecirse desde el otro (McKillup, 2005). Una relación 
funcional quiere decir que el valor de una variable (variable dependiente) puede determinarse 
por el valor de la segunda (variable independiente). Además, el análisis de regresión proporciona 
una ecuación que describe la relación funcional entre dos variables y que puede usarse para 
predecir valores de la variable dependiente a partir de la independiente. En el capítulo 7 se han 
usado regresiones lineares simples y múltiples para desarrollar ecuaciones lineares predictivas 
basadas en el peso corporal de carnívoros actuales (variable dependiente) y variables lineares 
obtenidas de los huesos largos - húmero, radio, ulna, fémur y tibia- (variables independientes), 
con el objetivo de inferir el peso corporal de una extensa muestra de mustélidos extintos del 
Neógeno y Cuaternario. Debido a que el objetivo de las ecuaciones era predecir la masa corporal 
de un taxón en función de una medida variable dada, el tipo de regresión usado fue el de las 
regresiones ordinarias de los cuadrados menores (Ordinary Least Square, OLS) (Gingerich y 
Smith, 1984; LaBarbera, 1989; Churchill et al., 2014).
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Abstract
We describe cranial and mandibular remains of three undescribed individuals of the giant
mustelidMegalictis feroxMatthew, 1907 from the latest Arikareean (Ar4), Early Miocene
mammal fauna of Nebraska, andWyoming (USA) housed at the American Museum of Natu-
ral History (New York, USA). Our phylogenetic hypothesis indicates that Ar4 specimens
assigned toM. ferox constitute a monophyletic group. We assign three additional species
previously referred to Paroligobunis toMegalictis:M. simplicidens,M. frazieri, and “M.”
petersoni. The node containing these four species ofMegalictis andOligobunis forms the
Oligobuninae. We test the hypothesis that Oligobuninae (Megalictis andOligobunis) is a
stem mustelid taxon. Our results indicate that the Oligobuninae form the sister clade to the
crown extant mustelids. Based on the cranium,M. ferox is a jaguar-size mustelid and the
largest terrestrial mustelid known to have existed. This new material also sheds light on a
new ecomorphological interpretation ofM. ferox as a bone-crushing durophage (similar to
hyenas), rather than a cat-like hypercarnivore, as had been previously described. The rela-
tive large size ofM. ferox, together with a stout rostrum and mandible made it one of the
more powerful predators of the Early Miocene of the Great Plains of North America.
Introduction
Megalictis feroxMatthew, 1907 [1] is a giant mustelid of the subfamily Oligobuninae and
belongs to the paraphyletic group of “paleomustelids” [2]. It lived in the Early Miocene during
the late Arikareean Ar4 North American Land Mammal Age 22.7–18.5 mya [3, 4] of the central
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Great Plains of United States in the states of Nebraska, South Dakota, and Wyoming [1, 5–7].
The Ar4 lithostratigraphic units containing giant oligobunines have been revised. Hunt [8]
named the Anderson Ranch Formation for the terminal formation of the Arikaree Group in
Nebraska andWyoming formerly referred to as the Upper Harrison beds of Peterson [5, 9]
and the lower Marsland Formation of Schultz [10]. The Black Bear Formation replaces the
upper Rosebud Formation of South Dakota [11].
Megalictis ferox [1] was described from the Black Bear Formation, Stanley County, South
Dakota, USA. A second giant oligobunine, Aelurocyon brevifacies Peterson, 1907 [5], was
described from the Niobrara Canyon Local Fauna, Anderson Ranch Formation in Sioux
County, Nebraska, USA. Hunt and Skolnick [7] established that the actual publication date for
A. brevifacies was one week after Matthew describedM. ferox in 1907, not in 1906 as indicated
in the journal. After these initial descriptions, Riggs [6] described new cranial and postcranial
material of both taxa. Hunt and Skolnick [7] synonymizedMegalictis ferox, Aelurocyon brevifa-
cies, and the large oligobunine mustelid Paroligobunis simplicidens (Peterson, 1907) [5].
Here, we describe an important unpublished sample of craniomandibular remains ofMega-
lictis ferox (F:AM 25430, F:AM 54079, and AMNH 54076), housed at the American Museum
of Natural History (New York, USA). Although F:AM 25430 and F:AM 54079 were found in
the late 1930s and have been used to obtain metric, morpho-functional and phylogenetic data
(e.g., [2, 7, 12–16]), they have never been fully described. Therefore, the main objective of the
present paper is to describe these unpublished skulls and mandibles, and provide new data on




Dental nomenclature follows Ginsburg [17] and Smith and Dodson [18]. Anatomical descrip-
tions are based primarily on Scapino [19], Turnbull [20], Barone [21, 22], Waibl et al. [23],
Evans and de Lahunta [24, 25], and Hartstone-Rose et al. [26]. The terminology conforms to
the standard of the Nomina anatomica Veterinaria [23] with the exception of themasseter and
temporalismuscle complexes for which we follow Hartstone-Rose et al. [26]. TheMegalictis
material (Figs 1–4) has been compared to all the other material ofMegalictis and Paroligobunis
on the basis of published descriptions, figures, measurements and photographs. We have re-
measured the dentition of AMNH 12880 and 22632 (cast of CM 1590) measured initially by
Matthew [1] and Peterson [5] and completed the measures of Paroligobunis petersoni Loomis,
1932 [27] using a cast TMM 40966–1. Measurements were made using Mitutoyo Absolute digi-
tal calipers to the nearest 0.1 mm (Tables 1 and 2).
Studied Material
F:AM 25430 (Figs 1 and 2, S1 Video): relatively complete skull with I1-3, C, P1-4 and M1-2,
missing only its left zygomatic arch, a broken frontal area plus a portion of the right parietal
region missing and filled with plaster, a hole in its right parietal bone, and a complete mandible
with i1-3, c, p1-4 and m1-2; F:AM 54079 (Fig 3, S2 Video): right side of a partial skull without
the premaxilla, with worn C, P2-M1 and partial mandibles with a nearly complete right one
with c-m2 and a broken mandibular symphysis and a left one just with the mandibular corpus
preserved and a broken p2, and a complete both p3 and m1; AMNH 54076 (Fig 3): partial
mandibular corpus with m1-2.
The extant specimens used for comparison and contextualization in this paper were the
mustelids Gulo gulo (n = 20), Taxidea taxus (n = 8),Mellivora capensis (n = 21), Pekania
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Fig 1. Cranium F:AM 25430 ofMegalictis ferox. A lateral view; B rostral view; C dorsal view; D caudal view; E ventral view. Scale bar equals 5 cm.
doi:10.1371/journal.pone.0152430.g001
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pennanti (n = 5), Eira barbara (n = 8),Martes martes (n = 4), andMustela putorius (n = 5), the
procyonids Bassariscus astutus (n = 1), Procyon lotor (N = 5) and Nasua nasua (N = 5), the
mephitidMephitis mephitis (n = 1) and the canid Canis lupus (n = 5) (S1 Table). To provide a
comparison to giant mustelids we used the holotype ofMegalictis feroxMatthew, 1907 [1]
(AMNH-12880) (Fig 4A and 4B, S3 Video), and a cast of the holotype of Aelurocyon brevifacies
Peterson, 1907 [5] AMNH-22632 (CM 1590) (S4 Video) both housed at AMNH; the holotype
of Paroligobunis petersoni Loomis, 1932 [27] (ACM 2011) fromWyoming, USA housed at
ACM and a cast of P. petersoni TMM 40966–1 housed at TMM; the holotype of Paroligobunis
frazieri Frailey, 1978 [28] (UF 23928) from Florida, USA (S5 Video) housed at UF; Paroligobu-
nis simplicidens (Peterson, 1907, 1910) [5, 29] (CM 1553 and CM 2389) from Nebraska, USA
housed at CM, and a cast of the holotype of Paroligobunis simplicidens CM 1553 housed at UF
(S5 Video); the holotype of Oligobunis crassivultus Cope, 1879 [30] (AMNH 6903) from Ore-
gon, USA housed at AMNH; Eomellivora piveteaui Ozansoy, 1965 [31] from Cerro de los
Fig 2. Mandible F:AM 25430 ofMegalictis ferox. A Right mandible lateral view; B occlusal view; C Left
mandible lingual view of lower dentition. Scale bar equals 5 cm.
doi:10.1371/journal.pone.0152430.g002
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Batallones, Spain [32] housed at MNCN; the holotype of Eomellivora ursogulo (Orlov, 1948)
[33] from Grebeniki, Ukraine housed at PIN; Plesiogulo monspesulanus Viret, 1939 [34] from
Langebaanweg, South Africa [35] housed at SAM-PQL; Plesiogulo crassa Teilhard, 1945 [36]
from Perivolaki, Greece [37] housed at LGPUT; and a cast of the holotype of Ekorus ekakeran
Werdelin, 2003 [13] from Lothagam, Kenya from the personal research collection of L. Werde-
lin housed at NRM.
Cladistic analysis
In order to better understand the phylogenetic relationships of the oligobuninesMegalictis
ferox (AMNH 12880, CM 1590, F:AM 25430 and F:AM 54079),M. simplicidens (= Paroligobu-
nis simplicidens) (CM 1553 and CM 2389),M. frazieri (= Paroligobunis frazieri) (UF 23928),
“M.” petersoni (= Paroligobunis petersoni) (ACM 2011), and Oligobunis crassivultus (AMNH
6903), we have performed a cladistic analysis (Fig 5) including 18 taxa (M. ferox is represented
in the analysis as 4 separate operational taxonomic units (OTU)) and 73 equally weighted and
unordered craniomandibular characters (S1–S3 Appendices). Cladistic analysis was performed
using in PAUP4.0b10 [38]. The analysis was rooted using C. lupus as the outgroup.
3Dmodels
Virtual models of the mandibles and skulls ofMegalictis ferox (F:AM 25430, F:AM 54079,
AMNH 12880 and AMNH 22632) as well asMegalictis frazieriUF 23928 andMegalictis simpli-
cidens (cast of CM 1553) were derived by means of a 3D NextEngine HD laser surface scanner
(S1–S6 Videos).
Virtual models of the mandibles and skulls ofMegalictis ferox (F:AM 25430, F:AM 54079,
AMNH 12880 and AMNH 22632) as well asMegalictis frazieriUF 23928 andMegalictis simpli-
cidens (cast of CM 1553) were derived by means of a 3D NextEngine HD laser surface scanner
(S1–S6 Videos).
Systematic paleontology
Order Carnivora Bowdich, 1821 [39]
Suborder Caniformia Kretzoi, 1943 [40]
Family Mustelidae Fisher, 1817 [41]
Subfamily Oligobuninae Baskin, 1998 [2]
GenusMegalictisMatthew, 1907 [1]
Diagnosis: Large to giant size mustelid; robust mandible with a high, wide and distally
curved ascending ramus; deep masseteric fossa with a stout crest that extends from the dorsal
border of the coronoid process to below the m2; robust dentition; p1 present; p2–4 with distal
cingula high-crowned; p4 relatively enlarged with mesial and distal accessory cuspids; m1 tri-
gonid widened, with a strong lingual concavity between the paraconid and protoconid; m1
metaconid reduced to absent, present in the older and smaller forms and absent in the giant
forms, m1 talonid low and narrow with a short, trenchant and labially located hypoconid; and
m2 with reduced metaconid.
Type species:Megalictis feroxMatthew, 1907 p1.II, fig.1 [1]
Fig 3. Cranium andmandibles remains of F:AM 54079 and AMNH 54076 ofMegalictis ferox. A1–4 Cranium F:AM 54079, lateral view (A1), dorsal view
(A2), ventral view (A3), and caudal view (A4); B1–3 right hemimandible F:AM 54079, lateral view (B1), medial view (B2), and occlusal view (B3); C1–3 left
hemimandible F:AM 54079 lateral view (C1), medial view (C2), and oclussal view (C3); D1–3 right hemimandible of AMNH 54076, lateral view (D1), medial
view (D2), and occlusal view (D3). Scale bar equals 5 cm.
doi:10.1371/journal.pone.0152430.g003
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Included species:Megalictis simplicidens (= Paroligobunis simplicidens) (Peterson, 1907) [5]
andMegalictis frazieri (= Paroligobunis frazieri) (Frailey, 1978) [28].
Synonyms: Senior subjective synonym [7] of Aelurocyon brevifacies Peterson, 1907, p. 68
[5], “Upper Harrison Formation”, Sioux County, Nebraska and Paroligobunis Peterson, 1910
[29]. Hunt and Skolnick [7] synonymizedMegalictis, Aelurocyon, and Paroligobunis simplici-
dens into a single, sexually-dimorphic chronospeciesM. ferox. This hypothesis has been gener-
ally accepted (e.g., [3, 13, 42]).
Megalictis feroxMatthew, 1907 [1]
Aelurocyon brevifacies, Peterson, 1907, p. 68. [5]
Megalictis ferox, Hunt and Skolnick, 1996 (pars). [7]
Aelurocyon ferox, Baskin, 1998, p. 156. [2]
Holotype: AMNH 12880, a partial reconstructed skull (Fig 4, S3 Video) with right P4, M1-2,
a fragmented right mandible with almost complete coronoid process, m1 trigonid and m2, and
very few postcranial remains figured by Matthew, 1907, p. 196, fig. 10–13, 15 [1].
Type Locality: Rosebud 22, Porcupine Butte, Black Bear Formation, Stanley County, South
Dakota.
Other Localities: Rosebud 5, Porcupine Butte, Stanley County, South Dakota, USA (AMNH
12881); Niobrara Canyon Local Fauna, Sioux County, Nebraska, USA (CM 1590), “High Dae-
monelix beds”, Niobrara Canyon Local Fauna, Sioux County, Nebraska, USA (F:AM 25430);
J-M District, South of Lusk, Goshen County, Wyoming, USA [6]; “high brown sand”, 16 Mile
District, Goshen County, Wyoming, USA (F:AM 54079); 8 North of Lusk, Goshen County,
Wyoming, USA (F:AM 54076).
Age: Upper part of the Anderson Ranch Formation and its equivalents, South Dakota,
Nebraska, and Wyoming, late late Arikareean (Ar4), 22.7–18.5 mya [4] Early Miocene.
Diagnosis: Baskin [2] diagnosed of Aelurocyon brevifacies (which he considered the senior
subjective synonym ofMegalictis ferox because of the presumed earlier publication date at the
Fig 4. Crania ofMegalictis ferox illustrating size differences. A, and BMegalictis ferox holotype AMNH 12880, lateral view (A), ventral view (B); C, and D
Megalictis ferox CM 1590 (genotype of Aelurocyon brevifacies), lateral view (C), ventral view (D);Megalictis ferox F:AM 25430 lateral view (E), ventral view
(F); G, and HMegalictis ferox F:AM 54079 lateral view (G), ventral view (H). Scale bar equals 5 cm. C and D courtesy of the Carnegie Museum of Natural
History.
doi:10.1371/journal.pone.0152430.g004
Table 1. Upper tooth measurements (in mm) ofMegalictis ferox.
C P1 P2 P3 P4 M1 M2
Taxa L W L W L W L W L W L W L W
M. ferox AMNH-22632* 17 13.4 - - 10.6 6.3 15.8 9.9 23.4 16.1 7.7 18.4 - -
M. ferox AMNH 12880 - - - - - - - - 24.5 18.5 8.5 19.6 4.4 6.3
M. ferox F:AM 54079 14.6 10.9 - - 11.1 8.4 14.1 9.9 21.6 17.3 7.4 18.7 - -
M. ferox F:AM 25430a 14.3 14.3 5.4 4.9 10.6 6.9 14.2 9.9 21.8 15.7 8.2 17.1 3.1 5.5
M. ferox F:AM 25430b 14.0 14.0 5.0 4.6 10.6 7.6 14.3 9.7 21.8 16.0 8.3 17.7 3.0 5.3
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time he submitted the chapter). New or revised characters follow.Megalictis ferox is the largest
of the oligobunines; coronoid process high and caudally curved; enlarged masseteric fossa with
a robust crest extending from the dorsal border of the coronoid process to below the m2; later-
ocaudal area of the ventral edge of the mandibular corpus laterally projected; P2 with distal
accessory cusp; robust P3; robust P4 with strong parastyle and protocone; P4 carnassial notch
present; M1 with enlarged stylar area; M2 with paracone and protocone; p2–4 with high-
crowned distal cingula; p3 with mesial and distal accessory cuspid; p4 relatively enlarged with
presence of mesial accessory cuspid and stout distal accessory cuspid; m1 trigonid widened; m1
with strong lingual concavity between paraconid and protoconid; m1 protoconid higher than
paraconid; m1 hypoconid short, trenchant and buccally located; m1 with a lingual cingulum in
the entoconid position; m2 reduced with metaconid.
Differential Diagnosis:Megalictis ferox differs fromM. simplicidens,M. frazieri, “M.” peter-
soni and Oligobunis crassivultus in its larger size, m1 without metaconid and m1 talonid with a
closed lingual morphology with a lingual cingulum between the metacristid and entocristid.
Additionally, it differs fromM. simplicidens andM. frazieri in having a higher and more robust
mandibular symphysis, a reduced p2 and a more robust p4 and m1. It further differs from “M.”
petersoni in much larger size and p3–4 with mesial accessory cuspids. It further differs from
Oligobunis crassivultus in having a more rectangular P2, smaller M1 than P4, enlarged M1 sty-
lar area, higher paracone than metacone on the M1, reduced p2, p2–3 high-crowned distal cin-
gula, more developed p3 distal accessory cuspid, relatively enlarged p4, and higher protoconid
than paraconid on the m1.
Comments: Specimens that can be referred toM. ferox s. s. are from the latest Arikareean
(Ar4) upper part of the Anderson Ranch Formation and its equivalents.
F:AM 25430. A nearly complete skull with I1-3, C, P1-4 and M1-2 (Fig 1, S1 Video) and a
complete mandible with i1-3, c, p1-4 and m1-2 (Fig 2, S1 Video). The left zygomatic arch is
Table 2. Lower toothmeasurements (in mm) ofMegalictis ferox,Megalictis simplicidens,Megalictiss frazieri, and “Megalictis” petersoni.
c p1 p2 p3 p4 m1 m2
Taxa L W L W L W L W L W L W L W
M. ferox AMNH-22632** - - - - 10.2 7.1 14.0 9.4 16.6 9.5 21.3 10.1 7.0 5.7
M. ferox AMNH 12880 - - - - - - - - - - 24.0* 10.9* 7.3 6.1
M. ferox F:AM 54079a - - 4.9 4.4 - - - - - - 20.6 9.9 - -
M. ferox F:AM 54079b - - 5.0 4.2 9.7 7.0 10.9 8.7 14.4 9.1 20.7 10.0 8.3 6.4
M. ferox F:AM 25430a 14.3 11.7 5.8 4.4 9.4 6.5 12.4 8.4 15.7 8.8 19.1 9.6 6.4 6.1
M. ferox F:AM 25430b - - 6.1 4.3 9.2 6.5 12.2 8.7 15.4 8.7 18.9 9.6 7.0 6.0
M. ferox AMNH 54076 - - - - - - - - - - 21.3 9.9 7.0 5.3
M. simplicidens CM 1553c 11.2 8.2 - - 8.8 5.7 9.7 6.9 11.6 7 16.4 7.6 - -
M. frazieri UF 23928 c 9.5 7.5 - - 7.4 4.8 8.1 5.6 10.8 6.1 15.7 7.1 - -
“M”. petersoni TMM 40966–1 *** - - 2.3 2.1 4.9 3.4 5.7 3.7 6.8 3.9 10.2 5.2 3.6 3.4
*Approximated
**Cast of CM 1590
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missing. Part of the frontal and a region of the right parietal bones are missing and filled with
plaster. There is a subrectangular and anthropogenic hole in its right parietal bone located
above the most caudal area of the zygomatic arch.
Locality: “High Daemonelix beds”, Anderson Ranch Formation, Niobrara Canyon Local
Fauna, Sioux County, Nebraska, USA.
Age: Late Arikareean (Ar4).
Skull and upper dentition: The very well preserved skull F:AM 25430 (Fig 1) has a basicra-
nial length of 189.5 mm. It is slightly domed dorsally at the frontal bone, the bullae are broken
and the left zygomatic arch is missing. In general terms the skull is high, domed with a short
rostrum and high snout (Fig 1A). The nasal aperture is large (Fig 1B), and the crushed nasal
bones are robust. They are crushed in the mid-sagittal plane and anteriorly the left nasal bone
is partially above the right one. The reconstructed frontal region is quite domed. The interor-
bital region is broad. The postorbital processes are absent. The moderately developed infraorbi-
tal foramen is rounded and located above the distal accessory cusp of the P3. The rostral
margin of the orbit ends at the level of the distal margin of the P4 paracone. The orbits are
large and rounded. The lacrimal foramen is rounded and relatively large. The sagittal crest is
moderately developed and extends caudally where it divides into the nuchal crests, forming a
Y-pattern (Fig 1A, 1C and 1D). In lateral view, the outline of the skull is convex in the temporal
region and concave between the temporal bone and nuchal crests.
The zygomatic arches are robust, especially caudally near the glenoid cavity. Both M.masse-
ter pars superficialis and M.masseter pars profunda have their origin on the ventrolateral side
of the zygomatic arch. The frontal processes of the zygomatic arches are triangular and dorso-
ventrally high.
Ventrally (Fig 1E), the incisive foramina are preserved. The palate is broad and expanded
mediolaterally between the P4–M2. The posterior border of the palatine is expanded caudally
behind the molars. The pterygoid region and the hamulus pterygoideus processes are relatively
well preserved. The hamulus pterygoideus processes are large and caudally expanded (Fig 1E).
The foramen ovale is located in line with the glenoid fossa. The alisphenoid canal is absent.
The glenoid fossa is relatively strong. The auditory bullae are large and swollen. The external
auditory meati are rounded (Fig 1A). The ventral wall of the auditory bullae has been partially
destroyed, and the tympanic chamber is exposed. The postglenoid foramen is large, rounded
and located caudally to the postglenoid process and medially to the external auditory meatus.
The rostral foramen lacerum or external carotid foramen is a large double foramen located on
the rostromedial corner of the auditory bullae. The caudal carotid foramen is almost hidden
and is located in line with the external auditory meatus, midway along the medial margin of
the auditory bullae. The large rounded caudal foramen lacerum is located on the caudal-most
corner of the skull. The suprameatal fossa is absent. The condyloid foramen is located caudally
to the caudal foramen lacerum and is clearly separated from it. The stylomastoid foramen is
not preserved. The occipital condyles are strong and their dorsal parts are broader than the
ventral ones. The foramen magnum is large and subquandrangular (Fig 1D). The mastoid pro-
cess is highly expanded (Fig 1C and 1E); measuring 106.1 mm in width. The caudal area of the
skull is very broad. The nuchal crest has a great caudal development. Its dorsal part is projected
caudally. In dorsal view the ventral parts of the nuchal crest in conjunction with the mastoid
process are laterally widened, which creates large attachment areas for M. zygomatic temporalis
on the dorsal side (Fig 1C) and M. obliquus capiti cranialis on the caudal side (Fig 1D). The
mastoid process is robust and is situated caudal to the external auditory meatus. The supraocci-
pital bone is very enlarged. The paroccipital process is not preserved.
The upper dentition (3/1/4/2) is preserved in its entirety (Fig 1E). The tooth rows are recti-
linear between C–P4. The upper incisors are set in a straight line and show a large occlusal
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wear facet to the same extent as the wear on the premolars. I3 is much larger than I1 and I2
(Fig 1A and 1B). It is a caniniform tooth with a single cusp, and has a distal wear facet due the
contact with the c. The crown displays a lingual curve, and a lingual cingulum. A diastema of
18 mm separates I3–C (Fig 1E). The C is robust, and oval in cross-section. P1–4 have strong
cingula. The P1 is reduced, single-cusped and rounded. The P2 (Fig 1A and 1E) is narrow in
the middle of the tooth. The distal part is widened. It has a low mesial and two distal accessory
cusps. The main cusp is high and mesially oriented. The P3 is subrectangular in occlusal view.
It is a massive tooth with a small mesial accessory cusp and a more developed distal one (Fig
1A and 1E). It widens in the buccodistal area. The P4 has a low parastyle located on the mesial
cingulum. The paracone is the highest and largest cusp, occupying over half of the total length
of the tooth; there is a carnassial notch between it and the parastyle. The protocone is subconi-
cal, robust, and projected distolingually, but in line with the parastyle. There is a concavity in
the buccal wall between the paracone and the metastyle. The latter is low, with a swollen distal
region. The M1 is enlarged buccolingually and reduced mesiodistally. There is an expansion at
the level of the paracone and metacone, and a mesiodistal constriction in the middle zone of
teeth (Fig 1E). The paracone is more developed than the metacone. It has an enlarged parasty-
lar shelf. The protocone is located in the middle of the lingual corner. It is large, stout and
crest-like. There is a small crest-shaped paraconule in contact with the protocone. It has a lin-
gual platform rounded the protocone with a small hypocone in the messiolingual corner. The
M2 is very reduced and oval (Fig 1E). It has a paracone and no metacone. The protocone is as
developed as the paracone.
Mandible and lower dentition: The mandible of F:AM 25430 is very robust (Fig 2A and 2B).
It has a total length of 149.0 mm. The tooth row is slightly convex and is aligned with the artic-
ular process. The mandibular corpus is high and robust. The ventral margin is convex at the
level of the m1. There is single rounded mental foramen under p2. The ascending ramus is tall
and rostrocaudally broad (Fig 2A). Its tip is distally oriented. The coronoid process is laterally
rotated with an angle of ~75 degrees, compared to the articular process. There is a robust crest
from the dorsal border of the coronoid to beneath the m2 where the tendon of the M. tempora-
lis is attached. This area is especially enlarged and laterally projected around the area of the m2
(Fig 2A and 2B). The masseteric fossa is large and deep. Its rostral margin lies at the level of
talonid of m1, and ventrolaterally is limited by a strong area where the M.masseter pars superfi-
cialis and M.masseter pars profunda insert. The articular process is large and robust. The angu-
lar process is robust and shows a medial crest for the muscular attachment of the M.
pterygoideus medialis.
The lower dentition (3/1/4/2) is also preserved in its entirety (Fig 2). The lower incisors are
heavily worn. The canine is large, stout and markedly curved distally (Fig 2A and 2B). It has a
swollen base and is oval in cross-section. The p1 is oval, single-cusped and distally wide (Fig
2B). The p2–4 are stout, subrectangular and wider distally. These premolars have strong cin-
gula at their bases, and the distal cingula are high-crowned. The p2 has a single messially-
located cuspid. The p3 has a low mesial accessory cuspid and a more developed distal one. The
p4 is the largest lower premolar and has more strongly developed mesial and distal accessory
cuspids. The m1 is a relatively short and stout tooth (Fig 2). The very robust trigonid occupies
almost three fourths of the total length of the tooth, with the greatest width at the base of the
protoconid. The paraconid is lower than the protoconid and there is no metaconid. The m1
shows a markedly lingual concavity in the base of the crown between the trigonid cuspids (Fig
2B). The stout talonid lacks an entoconid. The hypoconid is low, trenchant and buccally
located. There is a smooth cristid from the top of the protoconid to the hypoconid that encloses
a deep lingual depression (Fig 2C). The m2 is rounded and low (Fig 2B). The paraconid is low,
and located in the mesial corner. The protoconid is the highest cuspid, located buccally in the
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middle of the tooth. The metaconid is situated over the lingual corner. It is less developed than
the protoconid. The hypoconid is low and located in the distal corner. There is a cingulum
around the whole tooth.
F:AM 54079. Partial skull with worn C, P2–M1 and partial mandible with worn p1–4 and
m1–2 (Fig 3A1–4, 3B1–3 and 3C1–3, S2 Video).
Locality: “High brown sand”, 16 Mile District, Anderson Ranch Formation, Goshen County,
Wyoming, USA.
Age: Late Arikareean (Ar4), Early Miocene.
Skull and upper dentition: The skull F:AM 54079 (Fig 3A1–4) only preserves its right side.
It has a maximum length of 180.2 mm. The premaxilla is missing, so the basicranial length is
unknown. In general terms, F:AM 54079 resembles F:AM 25430 (Fig 1). The frontal bone and
dorsal area of the parietal bone are absent (Fig 3A2). The zygomatic arches are more robust
than those of F:AM 25430, especially in the rostral and the central part of the arches, and the
origin of M.masseter pars superficialis and M.masseter pars profunda are also more developed.
However, the frontal processes of the zygomatic arches are lower than those of F:AM 25430.
The glenoid fossa is stout with a very well developed postglenoid process (Fig 3A3). The com-
plete right auditory bulla is large and swollen. The external auditory meati are rounded. The
postglenoid foramen, the rostral foramen lacerum and the foramen ovale are similar to those
of F:AM 25430. The mastoid process is also robust and expanded. The right occipital condyle
is preserved but the caudodorsal area of the skull is not. The paroccipital process is triangular,
stout and caudally oriented (Fig 3A1 and 3A3–4).
C, P2–4 and are preserved. The P1 is missing. They are more worn than are those of F:AM
25430. The C has a large lingual wear facet. The morphology of P2–4 (Fig 3A3) is almost iden-
tical to that of F:AM 25430. The P3 is more quadrangular than that of F:AM 25430, but the
mesiolingual corner of the P3 is missing. The P4 paracone, protocone and metastyle are
greatly-worn (Fig 3A3). The M1 (Fig 3A3) has the same development of the cusps as that
found in F:AM 25430, and shows a very similar morphology as that of AMNH 12880. The M2
and its alveoli are not preserved.
Mandible and lower dentition: The right hemimandible (Fig 3B1–3) has a fragmented cor-
pus that is missing its symphyseal end but includes a complete ascending ramus with p1–4 and
m1–2. Its morphology is almost identical to that of F:AM 25430. The left hemimandible (Fig
3C1–3) is missing its ascending ramus but includes a complete mandibular corpus, a complete
p1, a fragmented p2, a highly worn p3, a complete m1 and a fragmented m2. The p1–4 and m1
are almost identical to those of F:AM 25430 though there is more substantial occlusal wear in
p2–4 and m1 than in F:AM 25430. The m2 is oval and has a more developed metaconid than
the m2 of F:AM 25430.
AMNH 54076. Right partial hemimandible with m1–2 (Fig 3D1–3).
Locality: 8 North of Lusk, Goshen County, Anderson Ranch Formation, Wyoming, USA.
Age: Late Arikareean (Ar4), Early Miocene.
Mandible and lower dentition: AMNH 54076 is a fragmented mandibular corpus missing
its symphysis (Fig 3D1–3). It has roots for p2–3, and complete m1–2. The mandibular corpus
is high and robust. The m1 is identical to those of F:AM 54079 and F:AM 25430. It has a stout
trigonid, and a low talonid composed of a trenchant hypoconid, lingually located and a lingual
depression. The m2 is rounded and low. It has a distinguishable protoconid and metaconid,
and a continuous basal cingulum.
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Matthew [1] described and named the first specimens ofMegalictis ferox. The holotype is a
fragmentary and reconstructed skull (Fig 4A and 4B, S3 Video), a partial mandible and some
postcranial remains of a single individual (AMNH 12880). He [1] also described a second spec-
imen (AMNH 12881) based on postcranial remains. Both individuals were found in two
nearby localities (Rosebud 22 and Rosebud 5 respectively) at Porcupine Butte, South Dakota,
USA, from the late late Arikareean (Ar4) Black Bear Formation. One week later [7], Peterson
[5] named Aelurocyon brevifacies (CM 1590) for the remains of a giant mustelid from the
upper part of the Anderson Ranch Formation in Niobrara Canyon, Sioux County, Nebraska,
based on more complete craniomandibular fossils (Fig 4C and 4D, S4 Video). Riggs [6] studied
a large sample of Ar4 postcranial and some cranial material he termed A. brevifacies from the
JM-District, south of Lusk, Wyoming, and some postcranial fossil ofM. ferox from the Ander-
son Ranch Formation. Based on these and specimens from Beardog Hill, Agate Fossil Beds
National Monument, Sioux County, Nebraska that had been assigned to Paroligobunis simplici-
dens [5, 29], Hunt and Skolnick [7] synonymized the oligobuninesMegalictis ferox, Aelurocyon
brevifacies, and Paroligobunis simplicidens into a single chronospeciesM. ferox. They [7] inter-
preted the differences observed in these three named taxa as attributable to individual and sex-
ual variation and a slight degree of evolution over time. This hypothesis has been accepted by
several authors (e.g., [3, 13, 42]).
Hunt and Skolnick [7] did not consider the other two species referred to Paroligobunis: the
small P. petersoni Loomis, 1932 [27] and P. frazieri Frailey, 1978 [28]. As discussed below, we
consider the material referred to both P. simplicidens and P. frazieri to be valid species:Megalic-
tis frazieri andM. simplicidens.
The results of the cladistic analysis indicate that the specimens we assign toM. ferox form a
monophyletic group (Fig 5). We agree with Hunt and Skolnick [7] in thatM. ferox and A. bre-
vifacies are the same taxon, and thatM. ferox has priority. Morphologically, the specimens F:
AM 54079, F:AM 25430 and AMNH 54076, as well as CM 1590 and AMNH 12880, are practi-
cally identical to each other (Figs 1–4). F:AM 54079 differs from F:AM 25430 and CM1590 in
having a more robust p3 and a relatively longer m2. CM 1590 has a reduced lingual expansion
of P3 and a stronger parastyle of P4 than F:AM 54079, F:AM 25430 and AMNH 12880. The
morphology of F:AM 25430 is clearly different from the skull of AMNH 12880, and shows that
the reconstructed parts of the latter were incorrect, in which the temporal, frontal and a part of
the zygomatic arch bones are misinterpreted (Fig 4A and 4B). F:AM 25430 allows us to com-
plete the knowledge about the morphology of the skull ofM. ferox and showing that the holo-
type ofM. ferox (AMNH 12880) and the holotype of A. brevifacies (CM 1590) belong to the
same species. Consequently, F:AM 54079, F:AM 25430 and AMNH 54076 should be assigned
toM. ferox. We agree with Hunt and Skolnick [7] that the difference observed in the specimens
ofM. ferox can be explained by intraspecific variability (sexual dimorphism and intrapopula-
tional differences) or small temporal differences.
Megalictis ferox (Figs 1–4) is characterized by several traits: long external auditory meatus;
high and caudally curved coronoid process; enlarged masseteric fossa with a robust crest from
the dorsal border of the coronoid process to just beneath the m2; latero-caudal area of the ven-
tral edge of the mandibular corpus is laterally projected, with the ventral edge of the angular
process also laterally projected; I3 is enlarged; P2 with a distal accessory cusp; robust P3; robust
P4 with carnassial notch; enlarged stylar area of M1, and a M2 with paracone and protocone
differentiated; p2–4 distal cingula high-crowned; distal accessory cuspid on p3; relatively
enlarged p4 with a stout mesial accessory cuspid; relatively stout m1 with a widened trigonid, a
strong lingual concavity between the paraconid and protoconid, no metaconid, protoconid
Megalictis from Early Miocene of North America
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Fig 5. Phylogenetic relationships ofMegalictiswithin Mustelidae. Searches were performed using the Branch and Bound and a Bootstrap analysis
through 1000 replicates to test the clade support in the analysis. The outgroup wasC. lupus. Strict consensus tree of 6 trees (Length 194 steps, consistency
index (CI) = 0.41, retention index (RI) = 0.65) for knowing the relationships between the different specimens ofMegalictis ferox,Megalictis simplicidens,
Megalictis frazieri, “Megalictis” petersoni,Oligobunis crassivultus, and a sample of extant musteloids and a canid. Numbers below nodes are Bremer indices,
and numbers above nodes are Bootstrap support percentages (only shown when 50). Character/taxa matrix is detailed in the S1–S3 Appendices.
Silhouette ofMegalictis ferox based on Hunt and Skolnick [7], silhouette ofMegalictis simplicidens,Megalictis frazieri, “Megalictis” petersoni andOligobunis
crassivultus based onMegalictis ferox but rescaled according the size of the dentition.
doi:10.1371/journal.pone.0152430.g005
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higher than paraconid, with a short, trenchant and buccally located hypoconid and a lingual
rim in the entoconid position; reduced m2 with a metaconid.
All the three species that have been referred to Paroligobunis (Fig 6) are known from limited
material. The genotype of Paroligobunis,Megalictis simplicidens (CM 1590, Peterson, 1907,
1910) [5, 29] comes from the “Agate Stock Farm”, Sioux County Nebraska. The exact locality is
unknown and it is either from the Harrison Formation (Ar3) or the basal part of the Anderson
Ranch Formation [7]. Additional material first referred to P. simplicidens [29] and later to
Megalictis ferox [7] is from Quarry 3, Beardog Hill, Agate Fossil Beds National Monument,
from the basal part of the Anderson Ranch Formation. The small “M”. petersoni (Loomis,
1932) [27] is from a locality near Van Tassel, Wyoming, “upper Harrison beds” (= Anderson
Ranch Formation) and P. frazieri Frailey, 1978 [28] is from the SB-1A local fauna, Florida, lat-
est Oligocene, early late Arikareean (Ar3). Hunt (in Tedford et. al, 2004:p. 205 [3]) recognized
that “‘Paroligobunis’ frazieri is an earlier form preceding the late Arikareean species of
Megalictis”.
There are no derived characters uniting the three named species of Paroligobunis that are
not shared withMegalictis (S2 Appendix). Our phylogenetic analysis (Fig 5) shows that these
three species are paraphyletic withM. ferox. The larger P. frazieri and P. simplicidens are both
referred toMegalictis. The differences in morphology and size between the three species of
Megalictis with respect to “M.” petersoni (Fig 6) suggest that “M.” petersoni could be excluded
from the genusMegalictis.
Megalictis simplicidens andM. frazieri (Fig 6) resembleM. ferox in several characters, such
as a high, wide and distally curved ascending ramus, and a deep masseteric fossa with a robust
crest that extends from the dorsal border of the coronoid process to below the m2. Both taxa
have a p1, the distal cingula of p2–4 are high-crowned, and the p4 is relatively enlarged with
mesial and distal accessory cuspids. The m1 trigonid is widened, with a strong lingual concavity
between the paraconid and protoconid, a low, and narrow talonid with a short, trenchant and
labially located hypoconid, and a reduced m2 with presence of a metaconid. However they dif-
fer fromM. ferox in having a non-reduced p2, the presence of a stout m1 metaconid, relatively
more slender p4 and m1, m1 talonid with an open lingual morphology between the metacristid
and entocristid, and a lower and more slender mandibular symphysis.
Hunt and Skolnick [7] partially described and measured some of the UNSM and CM speci-
mens ofMegalictis from the basal part of the Anderson Ranch Formation at Beardog Hill that
we refer toM. simplicidens. Aside from their more primitive morphology (e.g., presence of a
metaconid on m1), they are smaller thanM. ferox from the upper Anderson Ranch Formation.
The upper and lower dental measurements indicate a size similar to G. gulo.
Megalictis frazieri (Fig 6E, 6F and 6K) differs fromM. simplicidens (Fig 6A–6D, 6I and 6J)
in having a less massive mandible and a more distinctive distal cingulum with a higher crown
in p2–4 thanM. simplicidens. The c and p2 ofM. frazieri are also more robust. The m1 hypoco-
nid is higher and the talonid is relatively larger, slightly basined with a very low internal rim.
“Megalictis” petersoni (Fig 6G, 6H and 6L) differs fromM. simplicidens andM. frazieri in
the absence of mesial accessory cuspids on p3–4, a relatively stouter p4 with a shorter mesial
part and a relatively more robust m1 with a taller and stouter metaconid.
Metrically the newMegalictis ferox sample described above (F:AM 54079, F:AM 25430 and
AMNH 54076) together with AMNH 12880 and CM 1590 form a single picture ofM. ferox
with dental biometric variability similar to the largest extant terrestrial mustelids Gulo and
Mellivora (Figs 7 and 8). However, ifM. simplicidens is considered as a synonym ofM. ferox,
this variability exceeds the extant one. Such variability is much more pronounced when all the
specimens ofM. simplicidens,M. frazieri and the small “M.” petersoni (Figs 7 and 8) are
included.
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Phylogenetic relationships of the Oligobuninae
Megalictis and the other oligobunines Oligobunis, Brachypsalis (Cope, 1890) [43], Promartes
Riggs, 1942 [44] and Zodiolestes Riggs, 1942 [44], as well as Potamotherium Geoffroy, 1833
[45] and Plesictis Pomel 1846 [46] have been referred to as “paleomustelids” (a paraphyletic
assemblage of early Miocene taxa) in contrast to the “neomustelids” (modern mustelids plus
close fossil relatives). The affinities between the paleomustelids and neomustelids are
Fig 6. All remains ofMegalictis simplicidens,Megalictis frazieri and “Megalictis” petersoni published. (A)Megalictis simplicidens, type specimen,
CM1553 (Peterson, 1907) [5], lateral view of the mandible, (B)Megalictis simplicidensCM 1553 (Peterson, 1907) [5], medial view, (C)Megalictis
simplicidens CM 2389 (Peterson, 1910) [29], lateral view of the mandible, (D)Megalictis simplicidensCM 2389 (Peterson, 1910) [29], medial view, (E)
Megalictis frazieri (Frailey, 1978) [28], holotype UF 23928, lateral view of the mandible, (F)Megalictis frazieri (Frailey, 1978) [28], UF 23928, medial view, (G)
“Megalictis” petersoni (Loomis, 1932) [27], holotype ACM 2011, lateral view of the mandible, (H) “Megalictis” petersoni (Loomis, 1932) [27] ACM 2011,
medial view, (I)Megalictis simplicidensCM1553 (Peterson, 1907) [5], occlusal view, (J)Megalictis simplicidens CM 2389 (Peterson, 1910) [29], occlusal
view, (K)Megalictis frazieri (Frailey, 1978) [28], UF 23928, occlusal view, (L) “Megalictis” petersoni (Loomis, 1932) [27] ACM 2011, occlusal view. Scale bar
equals 5 cm. A-D, I and J courtesy of the Carnegie Museum of Natural History. E-F and K courtesy of the Florida Museum of Natural History. G-H and L,
Beneski Museum of Natural History at Amherst College, courtesy of The Trustees of Amherst College.
doi:10.1371/journal.pone.0152430.g006
Fig 7. Relationships between lengths (L) and widths (W) of upper dentition inMegalictis ferox.
doi:10.1371/journal.pone.0152430.g007
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unresolved [2, 16, 47–49]. The taxonomic position of Potamotherium is highly controversial
because of its convergences in dentition with otters and in postcranial skeleton with phocids
and otters. In the online supplemental information, Rybczynski et al. [50] note that Pota-
motherium is “enigmatic”. It has been classified as a mustelid s.s. (either inside or outside of
Lutrinae) [2, 15–17, 51]; other authors allocated the genus outside the Mustelidae [47, 49, 52].
Wolsan [47] and Sato et al., [49], in a study of the phylogenetic relationships of the extant Mus-
teloidea (clade including Mustelidae, Procyonidae, Ailuridae and Mephitidae), named a new
family, Semantoridae, for an extinct group of primitive musteloids includingMustelavus, Pota-
motherium, Semantor and the oligobuninesMegalictis, Promartes, Oligobunis and Brachypsalis.
They divided the Musteloidea into two sublcades: (1) the Semantoridae, an extinct subclade of
stem musteloids and (2) a crown subclade of Musteloidea (with the lineages of the living mus-
teloids). Therefore Wolsan [47] and Sato et al., 2009 [49] considerMegalictis and Oligobunis as
stem musteloids, not mustelids. Within this entire taxonomic framework, we tested whether
the oligobunines (Megalictis and Oligobunis) are stem mustelids or stem musteloids. Because
Fig 8. Relationships between lengths (L) and widths (W) of lower dentition inMegalictis ferox,Megalictis simplicidens,Megalictis frazieri, and
“Megalictis” petersoni.
doi:10.1371/journal.pone.0152430.g008
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the postcranial skeleton of Potamotherium and Semantor is highly specialized, adapted to an
aquatic or semiaquatic lifestyle [53–55], and in the absence of dental remains of Semantor,
both taxa are excluded in our cladistic analysis, which is based only in features of the cranium
and dentition and whose purpose is to establish the phylogenetic relationships of the oligobu-
nines that possess a postcranial skeleton adapted to a terrestrial lifestyle [2, 7, 44].
Our cladistic analysis shows that the oligobuninesM. ferox,M. simplicidens,M. frazieri,
“M.” petersoni and O. crassivultus are grouped in a monophyletic clade (Fig 5) with high values
of Bootstrap and Bremmer Support. The monophyletic status of the Oligobunines was also
demonstrated by Finarelli [16] and Wang et al. [15]. Even though the phylogenetic relation-
ships of modern taxa are more complex than the tree topology obtained by us (e.g., [49, 56–
59]), the oligobunines show a sister group relationship with the crown clade of Mustelidae
sensu Wolsan and Sato [59] (Fig 5). Wolsan & Sato [59] pointed out a formal phylogenetic def-
inition for Mustelidae, as the smallest clade containingMustela erminea and Taxidea taxus.
However, according the phylogenetic position of the oligobunines obtained by us, we hence-
forth use the term mustelid as a total clade including to the extant crown clade of mustelids
plus the stem mustelid clade of Oligobunines. A similar interpretation of the relationship of
this stem mustelids with the living ones, such as the application of the termMustelidae was
obtained by Baskin [2], Wang et al., [15] and Finarelli [16] even though Finarelli determined
Megalictis as being a sister group of G. gulo andMartes americana.
Paleobiology ofMegalictis ferox
The tendency towards gigantism in Mustelidae, the family that includes the smallest modern
carnivoran (Mustela nivalis), has occurred in different lineages throughout its evolutionary his-
tory. For example,Megalictis, Ekorus, Enhydriodon, Eomellivora, Ferinestrix, and Plesiogulo all
exceed the size of the wolverine (G. gulo), the largest extant terrestrial mustelid [1, 13, 32, 35,
37, 60, 61]. We have estimated the basal cranial length of theM. ferox specimen AMNH-12880
based on the measurements of F:AM 25430 (Fig 4 and Table 3). Comparing the linear measure-
ments of the cranium and mandible ofM. ferox with some extant and extinct carnivorans [13,
32, 33, 35 37, 62] (Table 3), the basicranial length ofM. ferox is similar to that of Panthera onca
(jaguar) and overlaps with C. lupus. It is thus the largest mustelid skull ever known, even larger
than the Late Miocene giant mustelids, Ekorus, Eomellivora and Plesiogulo (Table 3). The skull
is also very wide–its mastoid width approaches that of Ursus americanus (Black bear) and
exceeds by far that of the largest extant mustelids, the felids P. onca and Puma concolor (cou-
gar) and the extinct mustelids Eomellivora ursogulo and Plesiogulo (Table 3). The average total
mandible length ofM. ferox (Table 3) is the same as that of P. onca and larger than Eomellivora
piveteaui, Ekorus, and Plesiogulo crassa.
Matthew [1] published a reconstruction of the skull and mandibles ofM. ferox AMNH-
12880 that, in light of this study of new specimens, was clearly misinterpreted. His reconstruc-
tion has an overly-shortened rostrum and a very high forehead–all of which suggest a cat-like
morphology (e.g., [7, 63, 64]). The F:AM 25430 specimen ofM. ferox has features that differ
fromMatthew’s reconstruction in its stouter premolars and molars, longer rostrum, and a
smaller forehead. This morphology corresponds to a more bone-crushing hyena-like ecomor-
photype, than Matthew’s more hypercarnivorous reconstruction suggests (Fig 9, S6 Video).
That is, the dentition ofM. ferox represents that of a durophagous diet, more similar to that of,
among extant mustelids, the wolverine [65]. The relatively blunt teeth (low Radius-of-Curva-
ture) and low Intercuspid-Notch scores also support a relatively durophagous diet [66, 67].
The especially enlarged anterior edge of theMegalictis coronoid process, where the tendon of
the M. temporalis is attached, could indicate adaptation for a wider gape. This feature,
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indicating emphasis on the longer anterior fibers of this muscle, is also present in hyaenids
(Crocuta,Hyaena and Parahyaena) and jaguar (P. onca), all carnivorans with powerful bite
forces that eat larger prey [68]. This implies that the temporalis anchors more significantly on
this anterior-most tendon as opposed to the central tendon or the bony faces of the coronoid
process. This would allow the muscle fibers to be longer, thus allowing greater overall stretch of
the muscle, which then allow greater overall gape [26]. This would be necessary in animals that
eat larger prey, especially if they also have shorter faces (e.g., if the linear gape must be accom-
plished through radial rotation as opposed to elongation of the mandibles). However, this
increase in fiber length comes at the cost of contractile force for a given muscle size–longer
fibers have greater stretch but fewer of them can pack into the same volume of muscle thus
resulting in a relatively reduced physiological cross-sectional area. Thus the temporal muscle in
Megalictis appears relatively massive suggesting both great force production and gape abilities.
Megalictis ferox shares several similarities with the smaller-sized Enhydrocyon crassidens
Matthew, 1907 [1], a wolverine-like hesperocyonine canid found in the same formation asM.
ferox AMNH-12880, but in older sediments from the lower Arikareean. Both carnivorans have
massive lower premolars, reduced upper molars, and zygomatic arches of similar shape and
size. The similarities in morphology could indicate convergence in feeding habits. A hyena-like
ecomorphotype also was developed in the North American borophagine canids, such as Aelur-
odon and the highly derived Borophagus, but did not appear until the beginning of the Barsto-
vian (Middle Miocene) for Aelurodon and the Claredonian (Middle—Late Miocene) for
Borophagus [69]. Due to the fact thatM. ferox was restricted to the Arikareean, it would have
Table 3. Craniomandibular measures ofMegalictis ferox and other giant mustelids and extant North American carnivorans.
Condylobasal length Mastoid width Mandible total length
Taxa Source N Range (F-M) Average N Range
(F-M)
Average N Range (F-M) Average




215.4 2 106.1–136.0 121.1 2 139.6–
178.3**
159.1
Ekorus ekakeran* Extinct This
manuscript
1 - 217.6 - - - 1 - 143.2
Plesiogulo
monspessulanus
Extinct [35] - - - 1 - 108 - - -
Plesiogulo crassa Extinct This
manuscript
1 - 209.6 1 - 88 1 - 145.5
Eomellivora ursogulo Extinct [33] 1 - 191.5 1 - 91 - - -
Eomellivora piveteaui Extinct [32] 1 - 182.5** - - - 2 120.8–134.1 127.6
Ursus americanus Extant [62] 89 244.8–275.9 260.3 10 122.5–
146.49
134.5 36 156.5–176 166.2
Canis lupus Extant [62] 660 228.5–241.0 234.8 - - - 299 175.3–187.4 181.3
Panthera onca Extant [62] 112 177–276 218.2 7 92.5–103.7 98.1 5 148.3–165.1 159.
Puma concolor Extant [62] 173 166.4–184.2 175.5 20 68.3–83.8 76.0 75 123.9–141.7 132.8
Canis latrans Extant [62] 170 166.8–173.6 170.2 101 59.8–60.5 60.7 83 133.7–140.2 136.9
Gulo gulo Extant [62] 192 133.9–144.9 139.4 8 78.5–90.7 85.4 20 93.6–103.5 98.5





For extinct taxa the sex is unknown.
doi:10.1371/journal.pone.0152430.t003
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Fig 9. Sequential reconstruction of the head ofMegalictis ferox based on F:AM 25430. A life appearance; B, reconstructed skull and mandible; C, Skull
and mandible F:AM 25430. Artwork by Adam Hartstone-Rose.
doi:10.1371/journal.pone.0152430.g009
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been the best candidate for a hyena-like ecomorph because in general terms, canids of the time
(e.g. Osbornodon and Cormocyon) had not yet evolved the battery of craniodental characteris-
tics for crushing bones. With that said, althoughMegalictis did not have the extreme duropha-
gous specializations of modern hyenas or fossil borophagines, they likely were more
durophagous than the felid-like ecomporph to which they have been previously ascribed. The
large-sized ofM. ferox, together with a stout rostrum and mandibles, an enlargement of I3, a
high cranium, and a raised nasal (Fig 9, S6 Video) suggest that it was one of the more powerful
predators of the Lower Miocene (Arikareean 4) of the Great Plain of North America, coexisting
with other large carnivorans including the amphicyonid Adilophontes and Daphoenodon [8] all
of which likely consumed medium and large-sizes mammals including camels, horses and
oreodonts [3].
Conclusions
The new specimens ofMegalictis ferox described here (F:AM 54079, F:AM 25430 and AMNH
54076) give us a broader understanding of the morphology ofM. ferox and lead us to conclude
that the holotypes of bothM. ferox (AMNH 12880) and Aelurocyon brevifacies (CM 1590) are
conspecific and thus the latter should be subsumed intoM. ferox. We argue that there are 3
species ascribed toMegalictis:M. ferox,M. frazieri andM. simplicidens. However, the fourth
potential congener, “M”. petersoni, might be best ascribed to a different genus. Our cladistic
analysis suggests thatM. ferox is the sister taxon of the clade composed byM. simplicidens—M.
frazieri. Our phylogenetic hypothesis supports the subfamily Oligobuninae as being a stem
mustelid.
The preservation of the ofM. ferox specimen F:AM 25430 represents by far the most com-
plete and best preserved craniomandibular specimen of any giant mustelids. Based on the size
of the skull,M. ferox emerges as the largest terrestrial mustelid ever known–even larger than
the extinct Late Miocene giant mustelid Ekorus, Eomellivora, and Plesiogulo [13, 32, 33, 35, 37,
70]. This new material sheds light on a new paleobiological interpretation ofMegalictis as a
hyena-like, bone-crushing mustelid, instead of the cat-like ecomorphotype previously ascribed
to the genus.
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Appendix SI. Character state definitions used in this analysis
  
 
     




1 Cranial opening of palatine canal 
Caudally located, at P4-M1 level 
(0) 
Modified from 
Bryant et al., 1993 1 
  Cranially located at P2-3 level (1)   
2 Alisphenoid canal Present (0) Wolsan, 1993 5 
   Absent (1)     
3 Incisive foramen Located at the level of C (0) This manuscript   
  
Located at the level of the diastema 
I3-C (1)   
4 
Position of the articular 
process of the mandible in 
relation to the lower 
dentition 
At the base of the lower dentition  
(0) This manuscript  
   Dorsally located  (1)    
5 Coronoid process High (0) This manuscript   
  Low (1)    
6 Orientation of the coronoid process Straight (0) Baskin, 1998   
  Caudally curved (1)   
7 Rostral ridge of the coronoid process Slender (0) This manuscript   
    
Robust. A crest extends from the 
dorsal border of the coronoid 
process to below the m2, bordering 
the cranial part of the masseteric 
fossa (1) 
    
8 
Relative position of i2 
alveolus compared to the i1 
and i3 on the mandibular 
symphysis 
i2 alveolus in line with i1 and i3 
alveolus (0) This manuscript  
  
I2 alveolus caudally located 
compared to i1 and i3 alveolus (1)   
9 Masseteric fossa Shallow (0) This manuscript  




Position of the infraorbital 
canal relative to upper 
dentition  
At the level of the P3 (0) This manuscript  
  At the level of the P4 (1)   
11 Position of the border of the palate 
Caudal border of palate situated at 
level of the most caudal upper 
tooth (0) 
Wolsan, 1993  3 
    
Caudal border of palate extended 
further the most caudal upper 
tooth (1) 
    
12 Caudal width of palate Wider than the width between canines (0) 
Wyss and Flynn, 
1993 12 
  Subequal (1)   
13 External auditory meatus Short (0) Modified of Wolsan, 1993 8 
    Long (1)     
14 Suprameatal fossa Present (0) This manuscript   
   Absent (1)     
15 Bulla Inflated (0) Baskin, 1998   
    Flat (1)     
16 Paroccipital process Not reduced (0) Tedford et al., 2009 24 
  Reduced (1)   
17 Shape of upper incisor row Straight (0) Wesley-hunt, 2005 1  
    Parabolic (1)     
18 Size I3 in relation I1-2 I3 enlarged (0) Baskin, 1998  
  I3 similar in size to I1-2 (1)   
19 Orientation of Canine 
Spreaded out laterally, with an 
arrangement of the tip nonparallel 
(0) 
This manuscript  
    Ventrally directed, with a parallel arrangement of the tip (1)     
20 P1 Present (0) Valenciano et al., 2015 1 
  Absent (1)   
21 P2 Distal accessory cusp present (0) Valenciano et al., 2015 3 
    Absent (1)     
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22 P2 occlusal morphology Subrectangular (0) 
Modified of 
Valenciano et al., 
2015  
4 
  Oval (1); Triangular (2)   
23 P3 occlusal morphology Subrectangular with an absent or reduced lingual expansion (0) 
Modified of 
Valenciano et al., 
2015 
7 
    Triangular with a well-developed lingual expansion (1)     
24 
P3 Robustness ratio 
[(maximum width/ 
maximum length) x 100] 
Slender P3 (less than 50) (0) Valenciano et al., 2015 8 
  Robust P3 (more than 50) (1)   
25 P3 distal accessory cuspid  Present (0) Valenciano et al., 2015 12 
    Absent (1)     
26 P4 molar-shape like  Absent (0) This manuscript  
  Present (1)   
27 
P4 Robustness ratio 
[(maximum width/ 
maximum length) x 100] 
and size of the 
protocone 
Slender P4 (less than 60) with 
slender protocone (0) 
Valenciano et al., 
2015 15 
   
Robust P4 (more than 60) with 
robust protocone (1)   
28 P4. Orientation of the protocone  
Protocone in line with the 
messiobucal corner or surpassing 
the messiobucal corner of the tooth 
(0) 
Valenciano et al., 
2015 16 
  
Protocone distal to the 
messiobucal corner (1)   
29 P4 protocone Low (0) This manuscript   
    High (1)     
30 P4 parastyle Weak (0) This manuscript  
  Strong (1)   
31 P4 carnassial notch Present (0) Wolsan, 1993 15 
    Absent (1)     
32 P4 hypocone Hypocone notably smaller than protocone or not differentiated (0) Wolsan, 1993 15 
  
Hypocone and protocone of P4 




Strong P4 cingulum 
surrounding the entire 
tooth  
Absent (0) This manuscript   
    Present (1)     
34 Relative size between M1 and P4 
M1 larger than or equal in size to 
P4 (0) Wolsan, 1993 16 
  Mi smaller than P4 (1)   
35 M1 greater width at the level paracone-metacone Present (0) This manuscript   
    Absent (1)     
36 M1. Development of stylar area Small area (0)  
Modified of 













    Absent or very small (1)     
38 M1. Size of the metacone-paracone Subequal(0) This manuscript  
  
Paracone clearly larger than 
metacone (1)   
39 M1 position of the metaconule Close to protocone (0) This manuscript   
  Near to metacone (1)   
40 M1 presence of paraconule Present (0) This manuscript  
  Absent (1)   
41 M1 paraconule shape Cuspid-like (0) This manuscript   
    Crest-like (1)     
42 M1 postprotocrista Present (0) This manuscript  
   Absent (1)    
43 M1. Ocurrence of M1 lingual cingulum 
Mesial and distal cingula of M1 not 
continuous around lingual base of 
protocone (0) 
Wolsan, 1993 18 
    
Mesial and distal cingula of M1 
continuous around lingual base of 
protocone (1) 
    
44 M1. Enlarged distolingual area Absent (0) This manuscript  
  Present (1)   
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45 M1 hypocone Present (0) This manuscript  
    Absent (1)     
46 M2 Non reduced, metacone, paracone and protocone diferenciated (0) This manuscript  
  Reduced or absent (1)   
47 p1 Present (0) Valenciano et al., 2015 26 
    Absent (1)     
48 p2 length compared to p3 Not reduced (0) This manuscript  
  Reduced (1)   
49 p2 distal cingulum Poorly developed (0) This manuscript   
    Weak but high-crowned (1); stout and high-crowned (2)     
50 p3 distal accessory cuspid Well-developed (0) Valenciano et al., 2015 29 
  Absent or poorly-developed (1)   
51 p3 distal cingulum  Poorly developed (0) This manuscript   
    Weak but high-crowned (1); stout and high-crowned (2)     
52 
p4. Length ratio in relation 
to m1 [(maximum length 
p4/ maximum length m1) x 
100] 
p4 not enlarged (from 50 to 60) (0) Valenciano et al., 2015 31 
   
p4 relatively enlarged (more than 
60) (1)     
53 p4. Development of the mesial accessory cuspid Absent or poorly-developed (0) 
Valenciano et al., 
2015 33  
    Present with great height development (1)     
54 p4 distal accessory cuspid Well-developed (0) Valenciano et al., 2015 34 
  Absent or vestigial (1)   
55 p4 distal cingulum  Poorly developed (0) This manuscript  
    Weak but high-crowned (1); stout and high-crowned (2)     
56 m1 robustness ratio [(maximum width/ Relatively graceful <50 (0) This manuscript  
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maximum length) x 100] 
  Relatively stout > 50 (1)   
57 m1 trigonid  m1 trigonid not widened (0) Baskin, 1998  
    m1 trigonid widened (1)     
58 
m1. Basal morphology 
between the paraconid and 
protoconid  
Weak lingual concavity and weak 
buccal convexity (0) This manuscript  
  
Strong lingual concavity and 
strong buccal convexity (1)   
59 m1 metaconid  Present (0) Valenciano et al., 2015 38  
    Absent (1)     
60 m1 metaconid  Low (0) This manuscript  
  High (1)   
61 
m1. Height of the 
protoconid in relation to 
the paraconid 
Protoconid higher than paraconid 
(0) This manuscript   
    Protoconid similar in height than the paraconid (1)     
62 m1 trigonid  Short (0) This manuscript  
  Long (1)   
63 
m1. Relative length of the 
talonid with respect the 
total m1 length  
Talonid 1/2 or less of the total 
length (0) 
Modified of 
Valenciano et al., 
2015 
39 
    
Talonid approximately 1/3 of the 
total length (1); Equal or less than 
¼ of the total length (2) 
    
64 m1. Maximum buccolingual width of m1 Located in the talonid (0) 
Valenciano et al., 
2015 40 
  
Narrow talonid without the 
maximum buccolingual width in 
the talonid (1)   
65 m1. Height of hypoconid  Low hypoconid (0) 
Modified of 





    Tall hypoconid (1)     
66 m1. position of hypoconid  Labially located (0) 
Modified of 
Valenciano et al., 
2015 
42 
    Centrally located (1)     
67 m1. Shape of hypoconid  Cuspid (0) This manuscript  
  Trenchant (1)   
68 
m1. Lingual morphology 
between metacristid and 
entocristid 
Lingual morphology open (0) This manuscript   
   
Lingual morphology closed with a 
lingual rim in the entoconid 
position (1); occupied by a conulid 
(2) 
   
69 m1 entoconid  Present (0) This manuscript   
    Absent (1)     
70 m2 metaconid  Present (0) Valenciano et al., 2015 43 
    Absent (1)     
71 m2 talonid basin Talonid basin of m2 distinctly longer than trigonid basin (0) 
Modified of 
wolsan, 1993 27 
   
Talonid and trigonid basin of m2 
subequal in length (1)   
72 m2 entoconid  Present (0) This manuscript   
    Absent (1)     
73 m3 Present (0) This manuscript   
    Absent (1)     
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Taxa Catalog number 
Bassariscus astutus  MNCNCOMP-251 
Canis lupus  MNCN-16150 
Canis lupus  NRM-20105317 
Canis lupus  NRM-20115476 
Canis lupus  NRM-20115478 
Canis lupus  NRM-20125003 
Eira barbara MNCN-3727 
Eira barbara NRM-A590033 
Eira barbara NRM-A605240 
Eira barbara NRM-A607002 
Eira barbara NRM-A587135 
Eira barbara NRM-A587136 
Eira barbara NRM-A583480 
Eira barbara NRM-A591501 
Gulo gulo luscus AHR-213006 
Gulo gulo luscus AHR-213007 
Gulo gulo luscus AHR-213008 
Gulo gulo luscus AHR-213009 
Gulo gulo luscus AHR-213037 
Gulo gulo luscus USNM 275160 
Gulo gulo luscus USNM 272316 
Gulo gulo luscus USNM A06231 
Gulo gulo luscus USNM 265649 
Gulo gulo luscus USNM 242705 
Gulo gulo gulo USNM 108654 
Gulo gulogulo USNM 096147 
Gulo gulo gulo NRM-A825005 
Gulo gulo gulo NRM-A845012 
Gulo gulo gulo NRM-20055154 
Gulo gulo gulo NRM-A815010 
Gulo gulo gulo NRM-A587719 
Gulo gulo gulo NRM-A885007 
Gulo gulo gulo NRM-A795005 
Gulo gulo gulo NRM-A825004 
Martes martes MNCN-14672 
Martes martes MNCN-14729 
Martes martes MNCN-14738 
Martes martes MNCN-M21757 
Mellivora capensis  AMNH 69499 
Mellivora capensis  AMNH 81831 
Mellivora capensis  AMNH 160988 
Mellivora capensis  AMNH 34263 
Mellivora capensis  AMNH 81848  
Mellivora capensis  AMNH 34264  




Mellivora capensis cottoni  AMNH 51952  
Mellivora capensis  AMNH 81232  
Mellivora capensis  AMNH 119949  
Mellivora capensis  AMNH 119622  
Mellivora capensis  NMR-A582462 
Mellivora capensis  NMR-A583405 
Mellivora capensis  NMR-A605023 
Mellivora capensis cottoni  NMR-A591017 
Mellivora capensis  NMR-A580357 
Mellivora capensis  NMR-A584514 
Mellivora capensis cottoni  NMR-A591015 
Mellivora capensis  NMR-A580555 
Mellivora capensis  USNM 270224 
Mellivora capensis  USNM 302409 
Mephitis mephitis AHR 212001 
Mustela putorius MNCN-12456 
Mustela putorius MNCN-3823 
Mustela putorius MNCN-3824 
Mustela putorius MNCN-12523 
Mustela putorius MNCN-12531 
Pekania pennanti pacifica USNM 051270 
Pekania pennanti pacifica USNM 171002 
Pekania pennanti columbiana USNM A44497 
Pekania pennanti pacifica USNM 087081 
Pekania pennanti columbiana USNM A44501 
Taxidea taxus USNM 110026 
Taxidea taxus USNM 096212 
Taxidea taxus USNM170262 
Taxidea taxus USNM A44050 
Taxidea taxus USNM 072234 
Taxidea taxus USNM 223290 
Taxidea taxus USNM 347884 
Taxidea taxus USNM 132825 
Procyon lotor NRM-A589597 
Procyon lotor NRM-A584025 
Procyon lotor NRM-A985739 
Procyon lotor NRM-A601266 
Procyon lotor NRM-A582046 
Nasua nasua NRM-A583348 
Nasua nasua  NRM-A587112 
Nasua nasua  NRM-A587109 
Nasua nasua  NRM-A587102 
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We describe new dental remains of the mustelid Iberictis buloti Ginsburg and Morales, 
1992 from the late early Miocene (16.5–16.3 Ma, MN4) of els Casots (Vallès-Penedès Basin, 
Catalonia, Spain). This material constitutes the most complete sample of the genus Iberictis and 
the first record of Iberictis buloti in the Iberian Peninsula. Re-examination of large mustelid 
Miocene genera (Dehmictis, Ekorus, Eomellivora, Hoplictis, Iberictis, Ischyrictis and Plesiogulo), 
and their inclusion for the first time in a cladistic analysis, indicates that Iberictis constitutes 
the sister taxon of Plesiogulo, and both are the sister group of the extant wolverine (Gulo gulo). 
Our analysis thus confirms a close relationship between the early Miocene Iberictis, the late 
Miocene Plesiogulo and the Plio-Pleistocene Gulo. Iberictis emerges as the oldest member of 
Gulonini, the total clade of wolverines, enabling thus to track the fossil record of this clade to the 
early Miocene. We further propose a new systematic arrangement for the aforementioned large 




The subfamily Guloninae Gray, 1825 is currently composed of generalist and 
hypercarnivorous mustelids, distributed over much of North America and Eurasia, with only 
one genus in South America. This clade includes three main living groups: (1) a heterogeneous 
group of small to medium-sized taxa, comprised of the fisher (Pekania Gray, 1865) and martens 
(Martes Pinel, 1792 and Charronia Gray, 1865); (2) the medium-sized South American tayra 
(Eira Smith, 1842); and (3) the large-sized wolverine (Gulo Pallas, 1780). This subfamily was 
formerly referred to as the Martinae Wagner, 1841, but Guloninae has priority (Sato et al. 2009; 
Samuels and Cavin 2013). Gulonines have a conservative morphology that hinders morphology-
based studies of their phylogenetic relationships (Anderson 1970; Samuels and Cavin 2013).
This study is focused on the lineage of the wolverine, which is the largest terrestrial extant 
mustelid and one of the most iconic members of this family. It is restricted to mature conifer 
forests in the taiga and the treeless tundra from the North Holarctic region (Larivière and Jennings 
2009). The origin of the wolverine lineage remains obscure, but according to recent molecular 
data the lineage of Gulo diverged from other gulonines 7.6–5.5 Ma (Li et al. 2014; Malyarchuk et 
al. 2015). This time interval coincides with the expansion of the wolverine-like extinct mustelid 
Plesiogulo Zdansky, 1924, characterized by a large to giant body size. Plesiogulo has been found 
in Eurasia, North America and Africa (e.g., Zdansky 1924; Viret 1939; Teilhard 1945; Kurtén 
1970; Hendey 1978; Harrison 1981; Alcalá et al. 1994; Sotnikova 1995; Haile-Selassie et al. 2004; 
Morales et al. 2005; Montoya et al. 2011; Morales et al. 2016), spanning from the late Miocene 
(MN10) to the early Pliocene (MN14). Viret (1939), Kurtén (1970) and Kurtén and Anderson 
(1980) supported a direct relationship between Plesiogulo and Gulo, based on general dental 
similarities, whereas other authors considered that Plesiogulo constitutes a distinct phylogenetic 
lineage without living descendants (Zdansky 1924; Hendey 1978; Harrison 1981; Xiaofeng and 
Haipo 1987; Alcalá et al. 1994; Sotnikova 1995; Montoya et al. 2011).
Iberictis Ginsburg and Morales, 1992 is a medium-size mustelid known from scarce 
remains from the early Miocene (MN4) of Europe. This genus comprises two species: Iberictis 
azanzae Ginsburg and Morales, 1992 from Artesilla (MN4, Spain) and Iberictis buloti Ginsburg 
and Morales, 1992 from Pellecahus (MN4, France). According to Ginsburg and Morales (1992), 
Iberictis shows strong affinities with Plesiogulo, despite of the important temporal gap between 
them. Here we report abundant new material of Iberictis buloti from the early Miocene (MN4) 
site of els Casots (Subirats, Catalonia, Spain). These fossils provide novel information for Iberictis 
and shed new light on the phylogenetic relationships of other large Miocene mustelids belonging 
to the wolverine lineage. The aims of this paper are threefold: (1) to describe the remains of 
Iberictis from els Casots and justify their taxonomic ascription to species rank; (2) to perform a 
cladistic analysis in order to test the hypothesis that Iberictis is related to Plesiogulo and/or Gulo; 
and (3) to evaluate the relationships of this wolverine group with most of the medium to large-
sized Miocene mustelids, in order to further clarify their evolutionary history.
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Age and geological background
The presence of fossil vertebrate remains in the municipality of Subirats (Catalonia, Spain) 
has been known for many decades, but the site of els Casots was not discovered until 1989. 
Subsequently excavated until 1994, els Casots has yielded abundant micro- and macrovertebrate 
remains, including fishes, amphibians, reptiles, birds and macromammals (Moyà-Solà and 
Rius Font 1993; Agustí and Llenas 1993; Casanovas-Vilar et al. 2011a). However, except for 
crocodylians (Díaz Aráez et al. 2016), some rodent species (Aldana Carrasco 1991, 1992; Ginestí 
2008), and various artiodactyl groups (Pickford and Moyà-Solà 1994, 1995; Duranthon et al. 
1995; van der Made 1997; Orliac 2006; Alba et al. 2014), most of the fauna (carnivorans included) 
remains unpublished.
Els Casots is located in the Vallès-Penedès Basin (FIGURE 1), an elongated semigraben 
delimited by the Catalan Coastal Ranges (Littoral and Prelittoral) in NE Iberian Peninsula 
(Cabrera et al. 2004; de Gibert and Casanovas-Vilar 2011). This basin has delivered a rich fossil 
vertebrate record ranging from the late Ramblian (MN3) to the middle Turolian (MN12), i.e., 
ca. 20-7 Ma (Casanovas-Vilar et al. 2011b, 2016). Els Casots represents an ancient lacustrine 
system overlying Mesozoic deposits and situated within the early Miocene Detritic-Carbonated 
Unit of Subirats, which corresponds to the Lower Continental Complexes of the Vallès-Penedès 
Basin (Moyà-Solà and Rius Font 1993; de Gibert and Casanovas-Vilar 2011; Casanovas-Vilar et 
al. 2011a,c). Mostly on the basis of small mammal biostratigraphy, the site is correlated to MN4 
(early Aragonian, early Miocene) and, in particular, to local zone C of the Calatayud-Daroca 
Basin, with an estimated age of 16.5–16.3 Ma (Casanovas-Vilar et al. 2011a, b, c).
Figure 1. Schematic geological map of the Vallès-Penedès Basin, showing the main geological units as well as the 





Dental nomenclature follows Ginsburg (1999) and Smith and Dodson (2003). 
Measurements were made using a Mitutoyo Absolute digital caliper to the nearest 0.1 mm.
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from the ICP (formerly ‘Institut de Paleontologia de Sabadell’); FCPT, Fundación Conjunto 
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national d’Histoire naturelle, Paris, France; MPZ, Museo Paleontológico de la Universidad de 
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South African Museum, Cape Town South African Museum, South Africa; SMNS, Staatliches 
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Studied Material 
The fossil remains of Iberictis from els Casots are housed at the ICP. The studied sample 
includes: IPS10076, right fragment of cranium with I3, C, P2–M1; IPS10077, left maxillary 
fragment with P4–M1; IPS10083, right maxillary fragment of skull with P2–P4; IPS10085, right 
C; ISP10086, left C; IPS24159, right C; IPS85598, right P4; IPS10072, left M1; IPS24107, left 
mandibular fragment with isolated p4, fragmentary m1 and complete m2; IPS24700, mandible 
with left p3–p4 and right c and p2–m1; IPS85595, right mandibular fragment with fragmentary 
p4–m1; IPS10084, right mandibular fragment with p2–m1; IPS10069, left mandibular fragment 
with p4–m1; IPS24686, fragmentary mandible with right p4–m1 and left p4 (partial) and m1; 
IPS10079, right hemimandible with p3–m1; IPS10080, left hemimandible with p2–p4; IPS10066, 
left hemimandible with c, p2–m2; IPS10067, right hemimandible with c and p2–m1; IPS10068, 
right hemimandible with c and p2–m1. 
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As comparison material of large Miocene mustelids we studied remains of the following 
taxa: Ekorus ekakeran Werdelin, 2003 (cast) from Lothagam, Kenya, from the research 
collection of L. Werdelin housed at NRM; Eomellivora piveteaui Ozansoy, 1965 from Cerro de 
los Batallones, Spain (Valenciano et al. 2015), housed at MNCN; Hoplictis noueli (Mayet, 1908) 
from Artenay, France, housed at MNHN and NMB; Iberictis azanzae Ginsburg and Morales, 
1992 from Artesilla, Spain, housed at MPZ; Iberictis buloti Ginsburg and Morales, 1992 from 
Pellecahus, France, housed at MNHN; Ischyrictis mustelinus (Viret, 1933), from Can Mata 1 
(els Hostalets de Pierola), Spain, housed at ICP (Villalta Comella and Crusafont Pairó 1943; 
Crusafont and Truyols 1954; Petter 1963); Ischyrictis zibethoides (Blainville, 1842) from Sansan, 
France, housed at MNHN; Plesiogulo crassa Teilhard, 1945, from Localities 30, 108 and 111 from 
China (Kurtén 1970), housed at PMU; Plesiogulo monspessulanus Viret, 1939 from Montpellier, 
France, housed at FSL, and also the specimens from Venta del Moro and Las Casiones, Spain, 
housed at MGUV and FCPT respectively; Plesiogulo lindsayi Harrison, 1981 from Wikieup, Old 
Cabin Quarry and Redington Quarry in Arizona, USA, housed at AMNH; Plesiogulo marshalli 
(Martin, 1928) from Edson Quarry in Kansas, USA, Optima in Oklahoma, USA, Coffee Ranch 
in Texas, USA, Modesto reservoir in California, USA, San Juan Quarry in New Mexico, USA 
and Boney Valley in Florida, USA housed at AMNH; and Lartetictis dubia (Blainville, 1842) 
from Sansan, France, housed at MNHN. We further inspected photographs of Dehmictis vorax 
(Dehm, 1950) from Wintershof-West, Germany, housed at BSPG; Ischyrictis mustelinus from La 
Grive-Saint-Alban, France, housed at FSL, and Erkertshofen 2, Germany (Viret 1933; Roth 1989), 
housed at FSL and SMNS; Plesiogulo sp. (Schmidt-Kittler 1976) from Paşalar, Turkey, housed 
at BSPG; Plesiogulo monspessulanus Viret, 1939 from Langebaanweg, South Africa, housed at 
SAM; and Paralutra jaegeri (Frass, 1862) from Ravensburg and Steinheim, Germany, housed 
at SMNS. Gulo schlosseri was also studied based on a cast from Püspökfürdo, Hungary, housed 
at NHMW and the publications Kormos (1914) and Bonifay (1971). The extant comparative 
sample included the mustelids Gulo gulo Linnaeus, 1758, Mellivora capensis (Schreber, 1776), 
and Mustela putorius Linnaeus, 1758, the mephitid Mephitis mephitis (Schreber, 1776), and 
the procyonid Bassariscus astutus (Lichtenstein, 1830), housed at AMNH, MNCN, NRM and 
USNM.
Cladistics analysis
In order to better understand the phylogenetic relationships of Iberictis in relation 
to medium to large Miocene mustelids—Dehmictis Ginsburg and Morales, 1992, Ekorus, 
Eomellivora Zdansky, 1924, Hoplictis Ginsburg, 1961, Ischyrictis Helbing, 1930, and Plesiogulo—
as well as relative to selected extant mustelids, we performed a cladistic analysis including 18 
taxa—Iberictis buloti is represented as two different operational taxonomic units (OTU), one for 
the previously-known remains of this taxon, and the other for the newly-described specimens 
from els Casots—and 78 equally-weighted and unordered dental characters (Appendix 1), based 
on Wolsan (1993), Bryant et al., (1993), Wesley-Hunt and Werdelin (2005), and Valenciano et 
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al. (2015, 2016a). The musteloids Mephitis mephitis and Bassariscus astutus were included as 
outgroups. The data matrix was compiled in Mesquite 3.01 (Macintosh versions). A total of 
72 characters were parsimony-informative, whereas five were autapomorphic and a single one 
was constant. Cladistics analysis was performed with PAUP* 4.0b10 (Swofford 2002), using the 
‘branch and bound’ search command. Clade robusticity was assessed by means of bootstrap with 
1,000 replicates and Bremer support indices. The used character/taxon matrix and character 
state definitions are reported in the Appendices 1–3. The distribution of character states for 
internal nodes was analysed by Mesquite 3.01.
Systematic paleontology
Order Carnivora Bowdich, 1821
Suborder Caniformia Kretzoi, 1943
Family Mustelidae Fischer, 1817
Subfamily Guloninae Gray, 1825
Genus Iberictis Ginsburg and Morales, 1992
Original diagnosis: (Reproduced from Ginsburg and Morales 1992: pp. 116; our 
translation from the French original). “Mustelid of large size, P4–M1 close to those of Plesiogulo 
with a remarkable strong and well-individualized P4 protocone, isolated from the mesial border 
of the paracone by a heavy concavity; M1 very elongated buccolingually with a short buccal wall 
and an enlarged lingual platform extended backward as in Plesiogulo and Trochictis. Ischyrictis-
like lower teeth with a long m1 with an important entoconid; m2 longer than in Ischyrictis.”
Emended diagnosis: Medium-sized gulonine mustelid with wrinkled enamel and a 
robust P4 that displays a concavity between the parastyle and the protocone; P4 with a high 
and enlarged protocone, and a variably developed lingual cingulum that thickens distally to 
the protocone; M1 with a distolingual enlargement of the lingual platform (which possesses 
a concavity on its middle portion) and without hypocone; p4 with lingual bulge and entirely 
surrounded by a stout cingulid with thickened mesial and distal cristids; m1 with the protoconid 
higher than the paraconid, a pronounced metaconid (not entoconid as in original diagnosis), and 
beveled lingual wall of the hypoconid; m2 plesiomorphic, with a very pronounced metaconid 
and hypoconid, and with trigonid and talonid roots incompletely fused (resulting in a marked 
notch in the single m2 alveolus).
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Type species: Iberictis azanzae Ginsburg and Morales, 1992.
Included species: Iberictis azanzae and Iberictis buloti.
Iberictis buloti Ginsburg and Morales, 1992
Holotype: MNHN LRM 1044, right hemimandible with p3–m1 with worn dentition.
Type Locality: Pellecahus (France)
Other localities: els Casots (Subirats, Vallès-Penedès Basin, Catalonia, Spain)
Age: Early Miocene, (MN4)
Original diagnosis: (Reproduced from Ginsburg and Morales 1992: pp. 116; our 
translation from the French original). “Iberictis smaller than I. azanzae. P4 protocone less 
individualized; M1 lingual platform less prominent”.
Emended diagnosis: Iberictis species smaller than I. azanzae; P4 protocone not 
individualized with a lingual cingulum markedly thickened distal to the protocone; p2–p4 stout 
and without accesory cuspids, surrounded by a stout cingulid with thickened mesial and distal 
cristids; m2 hypoconid very pronounced.
Differential diagnosis: It differs from I. azanzae in the less individualized P4 protocone; 
the absence of a strong cingulum surrounding the P4 protocone; the lesser distolingual 
enlargement of the M1; and the more developed m2 hypoconid.
Description of the material from els Casots
Maxilla and upper dentition 
The preserved maxillary specimens from els Casots (IPS85598, IPS10076, IPS10077 and 
IPS10083) are quite fragmentary (FIGURE 2), but based on IPS10076, the muzzle appears 
to have been short, with the orbital shape and height of the nasal aperture resembling those 
of martens and fishers (Martes and Pekania). The infraorbital foramen is not preserved. The 
dentition possesses wrinkled enamel, which is most conspicuous in the C, the P4 and the lower 
dentition. The preserved upper dentition includes the I1–I3, the C, and the P2–M1 row (TABLE 
1). The I1 and I2 are quite damaged, but the I3 is not enlarged compared to other incisors 
(FIGURE 2D1-2). The C is oval in cross-section, displays radial crenulations from the tip to 
the base of the crown, and has a strong cingulum (FIGURE 2A-D). The presence or absence 
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that surrounds the whole crown. The P2 is elongated, oval in occlusal view, and unicuspid. The 
P3 is subrectangular in occlusal view, elongated, and unicuspid, with a buccodistal bulge and a 
pronounced concavity at the base of its buccal wall (FIGURE 2 E3). The P4 has a low and robust 
parastyle located on the mesial cingulum. Mesially, there is an inflection between the protocone 
and parastyle, and the paracone and parastyle are connected by a thick crista. The protocone is 
stout, very high, conical, and projected mesiolingually, but aligned with the parastyle (FIGURE 
2E3). There is a thick cingulum surrounding the whole crown, with a lingual shelf that runs 
from the base of the protocone to beneath that of the paracone. The buccal wall between the 
paracone and metastyle is concave. The M1 is robust and subequal in size to the P4. The stylar 
area is large and has a swollen cingulum. The paracone is larger than the metacone, which is 
somewhat more lingually situated. There is a constriction in the crown mid length. Mesially the 
M1 has a small crest-shaped paraconule in contact with the protocone. On the distal corner of 
the crown there is also a small metaconule aligned with the paraconule, being more conspicuous 
in IPS10072. The protocone is crest-like and it located on the lingual corner. The M1 shows a 
slender buccolingual crista connecting the paracone with the protocone. It has a mesiodistally 
enlarged lingual platform with a small concavity on the middle, and which is even more 
pronounced in the distolingual area (being particularly evident in IPS10017; FIGURE 2G,H). 
    Figure 2. Upper dentition of Iberictis buloti from els Casots. A. IPS10085, right C. A.1. Buccal view, A.2. 
Distal view, A.3. Lingual view; B. Left IPS10086, B.1. Lingual view, B.2. Buccal view; C. IPS24159, right C, C.1. 
Lingual view, C.2. Mesial view; D. IPS10076, right maxillary fragment with I3, C, P2–P4, M1, D. 1. Buccal view, 
D.2. Occlusal view; E. IPS10083, right maxillary fragment with P2–P4, E.1. Buccal view, E.2. Lingual view, E.3. 
Occlusal view; F. IPS24107, right P4, F.1. Buccal view, F.2. Lingual view, F.3. Occlusal view; G. IPS10077, left 
maxillary fragment with P4 and M1, occlusal view; H. IPS10072 left M1, occlusal view.
Table 1. Upper teeth measurements (in mm) of mesiodistal length (L) and buccolingual width (W) of Iberictis buloti 
from els Casots (C) and Pellecahus (P), and Iberictis azanzae from Artesilla (A). Estimated values are reported 
within parentheses.
   
C P2 P3 P4 M1 
Taxa Locality Catalog No. L W L W L W L W L W 
I. buloti C IPS10085 9.5 6.5         
I. buloti C IPS10086 9.6 6.6         
I. buloti C IPS24159 9.9 6.8         
I. buloti C IPS10076   6.2 2.8 8.2 4.5 12 8.6 8.6 10.7 
I. buloti C IPS10083   6.7 3.5 8.8 4.9 13.3 9.2   
I. buloti C IPS10077       12.5 8 9 11.9 
I. buloti C IPS85598       13.6 9.4   
I. buloti C IPS10072          8.8 13.5 
I. buloti P MNCN-74707     7.89 5.62 14.25 10.5   
I. buloti P MNHN LRM782       13 8.8   
I. buloti P MNHN LRM 789         9.6 (13.4) 




Mandible and lower dentition
The mandibular corpus is high, with a very stout ventral edge. There is a single rounded 
mental foramen under the p2 and the p3 (FIGURE 3). The ramus is high. The postcanine tooth 
row is straight. The c is oval in cross-section and markedly curved distally (FIGURE 3A, TABLE 
2). There is a strong lingual cristid in contact with a stout cingulid. Due to preservational reasons, 
the presence/absence of p1 cannot be unambiguously ascertained. The p2–p4 have a single 
cuspid, thick mesial and distal cristids, and a strong cingulid surrounding the whole crown 
(FIGURE 3). The p2 is slender and somewhat shorter compared to the p3, which slightly widens 
distally. The p4 has a noticeable basal lingual bulge (FIGURE 3C3, D3). The m1 is elongated. 
The protoconid is higher than the paraconid. The metaconid is robust. The hypoconid is low, 
pyramidal, stout, buccally located, and occupies an important area of the talonid. The lingual 
wall of the talonid is beveled, without entoconid, with a peripheral entocristid connecting the 
metaconid to the hypoconid (Figure 3A3, B3). There is not hypoconulid. The alveolus of the 
m2 is oval and somewhat elongated. It is single-rooted, with a remarkable notch in the alveolus, 
indicating the somewhat incomplete fusion of the trigonid and talonid roots—unlike living 
mustelids, which have a reduced single root with no traces of fusion (Figure 3A3). The m2 is 
oval, with well distinct cuspids (paraconid, protoconid, metaconid and hypoconid). The trigonid 
is wider than the talonid. The paraconid is crest-shaped, and the protoconid and hypoconid are 
pyramidal. The hypoconid is centrally located on the talonid and occupies the whole talonid 
basin, being most developed in IPS24107. A continuous and strong cingulid is present. 
Cladistic results 
Our cladistic analysis recovered three equally most-parsimonious trees, with a tree length 
of 191 steps, a consistency index (CI) of 0.4503, a rescaled consistency index (RC) of 0.291 
and a retention index (RI) of 0.6465. The apomorphies for each node are reported in Table 
3. Our analysis only fails to resolve the relationshisp among some species of Plesiogulo. The 
strict consensus tree (FIGURE 4) recovers two major clades: the Guloninae, composed by the 
monophyletic clades of Iberictis, Plesiogulo, Gulo and Dehmictis+Ischyrictis; and a clade composed 
by the paraphyletic Mellivorinae Gray, 1865—which include the living Mellivora capensis and 
the extinct mellivorines Eomellivora piveteaui, Ekorus ekakeran and Hoplictis noueli—as well as 
the extant musteline Mustela putorius. Among the Guloninae, two different tribes (Gulonini 
Webb 1969 and Ischyrictini Tobien 1955) may be recognized: (1) the Gulonini, composed by 
Iberictis spp. (I. buloti and I. azanzae), Plesiogulo spp. and Gulo spp.; and (2) the Ischyrictini, 
including the genera Dehmictis and Ischyrictis. The monophyly of both the Gulonini and of the 
genera Iberictis, Plesiogulo and Gulo are supported by bootstrap analysis and Bremer indices 
(FIGURE 4, Nodes B, D, F, and H). Our cladistic analysis therefore supports an Iberictis clade 
sister of Plesiogulo, with both clades jointly constituting the sister clade of the extant Gulo. The 
remains of Iberictis from els Casots are nested with those of I. buloti from the type locality 





The recovery of a mellivorine clade 
partially agree with the phylogenetic 
relationships proposed by Valenciano et 
al (2015, accepted), in which Eomellivora 
piveteaui and Ekorus ekakeran are allied 
with the living honey badger (Mellivora 
capensis). The ancient Hoplictis noueli is 
located as a stem mellivorine. Both the 
    Figure 3. Lower dentition of Iberictis buloti from els Casots. A. IPS10067, right hemimandible with c, 
p2–m1, A.1. Buccal view, A.2. Lingual view, A.3. Oclussal view; B. IPS10069, left hemimandible with p4–m1, B.1. 
Buccal view, B.2. Lingual view, B.3. Oclussal view; C. IPS10066, left hemimandible with c, p2–m2, C.1. Buccal 
view, C.2. Lingual view, C. 3. Oclussal view; D. IPS10079, right hemimandible with p3–p4 and m1, D.1. Buccal 
view, D.2. Lingual view, D.3. Oclussal view; E. IPS24700, left mandibular fragment with m1 talonid and m2, E.1. 
Buccal view, E.2. Oclusal view, E.3. Lingual view; F. IPS10084 right hemimandible with p2-4 and m1, buccal view; 
G. IPS24700, right hemimandible with p2-4 and m1, G.1. Occlusal view, G.2. Lingual view. 
   c p2 p3 p4 m1 m2 
Species Locality Catalog No. L W L W L W L W L W L W 
I. buloti C IPS24107        10.7 5.4   6.4 5.1 
I. buloti C IPS24700 left     7.5 4.2 10.3 5.2     
I. buloti C IPS24700 right 9.7 7.1 6.1 3.4 7.4 4 9.5 5 15.9 6   
I. buloti C IPS85595        9.6 4.8 14.79 (4.8)   
I. buloti C IPS10084    6.1 3.3 8.1 4.2 10.5 5 14.92 6.1   
I. buloti C IPS10069       9.8 5.2 15.49 5.9   
I. buloti C IPS24686       9.8 4.9 14.32 6   
I. buloti C IPS10080   6.1 3.4 8.4 4.1 10.7 5.5     
I. buloti C IPS10079      8.4 4.3 11.1 5.5 16.42 6.1   
I. buloti C IPS10066  9.3 5.6 6.9 3.3 7.3 4.2 10.1 5.1 14.32 (5.4) 5.4 4.7 
I. buloti C IPS10067 8.2 6.1 6.1 3.2 7.2 4.2 9.9 5.2 14.12 5.9   
I. buloti C IPS10068 7.9 5.2   7.3 4       
I. buloti P MNHN LRM1044     7.5 4.1 10.2 5.1 14.7 6.2   
I. buloti P MNHN LRM1032        10.2 5.3 15.3 6.1   
I. azanzae A MPZ-16525 9 5.8           
I. azanzae A MPZ-16523       9.6 4.7     
I. azanzae A MPZ-16524         16 6.2   
I. azanzae A MPZ-16526           6.7 5.3 
	  
Table 2.  Lower teeth measurements (in mm) of mesiodistal length (L) and buccolingual width (W) of Iberictis 
buloti from els Casots (C) and Pellecahus (P), and Iberictis azanzae from Artesilla (A). Estimated values are reported 
within parentheses. 
Node Character: state 
A  7 (0); 36 (1), 38 (1)  
B 17 (1); 18 (1); 21 (1); 25 (1), 28 (1); 29 (1); 46 (1); 47 (1); 51 (1); 52 (1); 53 (1); 55 (1); 58 (1); 62 (0); 71 (0) 




11 (1); 21 (0); 23 (1); 24 (1); 27 (1); 34 (0); 45 (0); 51(0); 
78 (0) 
25 (0); 28 (0); 37 (0) 
F 68 (1); 71 (1) 
G 13 (1); 45 (2) 
H 19 (0); 30 (2); 32 (0); 38 (0); 61 (1); 63 (1); 69 (2); 73 (2); 76 (1) 
I 11 (0); 50 (0); 59 (0); 64 (2); 68 (1) 
J 35 (1); 49 (0); 62 (2) 
K 33 (1); 37 (1); 49 (0); 56 (0); 62 (1); 66 (1); 67 (1); 69 (1); 70 (1); 72 (2); 73 (2) 
L 35 (1); 61 (1); 65 (1); 75 (1); 76 (1) 
M 1 (1); 13 (1); 16 (0); 17 (1); 18 (1); 29 (1); 38 (1); 51 (1); 63 (1); 77 (1) 
N 
 
15 (1); 26 (2); 28 (1); 43 (1); 44 (1); 48 (1); 54 (1); 66 (0) 
 
	  
Table 3. Synapomorphies for selected nodes, in 
which it is indicated the character and the state. 
Italics denote ambiguous synapomorphies.
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Ekorus+Mellivora and Eomellivora+(Ekorus+Mellivora) clades are well supported (FIGURE 4). 
The position of Mu. putorius in the recovered strict consensus is controversial (see the Discussion 
for more details). 
Figure 4. Results of the cladistic analysis performed in this paper to decipher the phylogenetic relationship of 
Iberictis buloti (P = Pellecahus, C = els Casots) with selected extinct large Neogene mustelids and living musteloids. 
The cladogram depicts the strict consensus of the three most parsimonious trees (see main text for further details). 
Numbers below nodes are Bremer indices, and numbers above nodes are Bootstrap support percentages (only 





Iberictis was considered to be closely related to Plesiogulo by Ginsburg and Morales (1992). 
These authors erected two species of this genus, both from the early Miocene (MN4) of Europe 
and based on scarce material: the type species, Iberictis azanzae, from Artesilla (Zaragoza, 
Spain; FIGURE 5A); and Iberictis buloti from Pellecahus (France; FIGURE 5B, E1–E3). The 
new fossils described here from the MN4 of els Casots are assigned to Iberictis because they 
display the diagnostic features of this genus (e.g., lingual platform of the M1 distolingually 
enlarged, and unicuspid p4 with lingual bulge as well as thickened mesial and distal cristids; see 
our emended diagnosis above for further details). The sample from els Casots is considerably 
larger than that previously known for this genus (TABLES 1 and 2), being composed of the 
remains from at least seven individuals (based on right hemimandibles), and thus it allows us 
to expand greatly the knowledge about this genus. The ranges of variation observed within the 
described sample agree with those ascertained for extant large mustelids such as M. capensis and 
G. gulo (FIGURES 2, 3, 6, and 7). Two (out of the three available) M1 are completely preserved 
and display some morphological differences relative to one another. In particular, IPS10077 
(FIGURE 5C) displays a more symmetrical lingual platform than IPS10072 (FIGURE 5D), 
whose platform is larger distolingually. Another example of variability is the very reduced bulge 
(IPS10067), or even the small convexity (IPS10069), present on the distal cristid of the p4, which 
reflects the reduction of the distal accessory cuspid on this tooth (Figure 3A2, B2). The remains 
of Iberictis from els Casots most closely resemble those of I. buloti from Pellecahus, including 
a similar size and an almost identical morphology of the premolars as compared with the type 
species—with the exception of the more pronounced buccal concavity in the P3 and the more 
primitive morphology of the p4, which retains a vestigial distal accessory cuspid in the els Casots 
sample. The specimens from els Casots display some minor differences in dental proportions as 
compared to those of I. buloti from Pellecahus for some tooth loci (e.g., the P3), but nevertheless 
these differences can be easily accomodated within the variability range of a single species 
(FIGURES 6 and 7), particularly taking into account the small sample size previously available 
for I. buloti from the type locality. Given the lack of relevant morphological differences between 
these two samples, we formally assign the sample from els Casots to I. buloti. In contrast, the 
sample from els Casots differs from I. azanzae in the lack of the derived traits characteristic 
of the latter: the better individualized P4 protocone, the greater distolingual enlargement of 
the M1, and the lesser development and more reduced cuspids of the m2. The presence of two 
species of Iberictis in the Iberian Peninsula during the early Miocene (I. buloti from els Casots 
and I. azanzae from Artesilla) might be attributable to paleogeographical factors. Both localities 
are correlated to MN4, and in particular to local zone C of the Calatayud-Daroca Basin (Azanza 
et al. 1993; Casanovas-Vilar et al. 2011a, b, c), but they belong to different sedimentary basins 
(the Vallès-Penedès and the Calatayud-Teruel basins, respectively). 
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Figure 5. The dentition of Iberictis compared with that of other early and middle Miocene mustelids. A. MPZ 
16522, holotype of Iberictis azanzae, from Artesilla, left maxillary fragment with P4–M1, occlusal view; B. MNHN 
LRM 782 and MNHN LRM 789, paratypes of Iberictis buloti from Pellecahus (composed specimen), left maxillary 
fragment with P3–P4 (MNHN LRM 782), and left M1 fragment (MNHN LRM 789); C. IPS10077, Iberictis buloti 
from els Casots, left maxillary fragment with P4–M1, occlusal view; D. IPS10072, Iberictis buloti from els Casots, 
left M1, occlusal view; E. MNHN LRM 1044, holotype of Iberictis buloti from Pellecahus, right hemimandible 
with p3–m1, E.1. Buccal view, E.2. Lingual view, E.3. Occlusal view; F. SMNS 4082, left maxillary with P2–P4 of 
Paralutra jaegeri from Steinheim (see also Helbing, 1936: fig 1), occlusal view; G. SMNS 16816, left M1 of Paralutra 
jaegeri from Steinheim (see also Helbing, 1936: fig 2), occlusal view; H. SMNS T.D. 537, left M1 of Paralutra jaegeri 
from Ravensburg, described initially by Helbing (1928) as cf. Lutra lorteti (see also Helbing, 1928: fig 3), and 
subsequently synonymized by him (Helbing, 1936) with Pa. jaegeri, occlusal view; I. MNHN Sa 843, left M1 of 
Lartetictis dubia from Sansan, occlusal view; J. BSPG Nr 645 right m1 of Mustelidae indet. described as Plesiogulo 
sp. by Schmidt-Kittler (1976) from Paşalar, J.1. Buccal view, J.2. Lingual view, J.3. Occlusal view.
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One of the most striking morphological characters of Iberictis and other gulonines (e.g., 
Dehmictis, Plesiogulo) is the distolingual expansion of the M1, which is also present in some 
Neogene lutrines such as Siamogale thailandica Ginsburg et al. 1983, Paralutra jaegeri and 
Larctetictis dubia, as well as melines such as Parataxidea Zdansky, 1924 and Melodon Zdansky, 
1924 (Ginsburg and Morales 1992, 2000; Grohé et al. 2010). Although the dentition of Iberictis 
is very different from that of these early-middle Miocene lutrines, isolated M1 of Iberictis could 
be easily mistaken for those of the lutrines Pa. jaegeri (also present at Pellecahus) and L. dubia 
(FIGURE 5F–I). However, the M1 of these lutrines is less mesiodistally constricted, displays 
a smaller stylar area and a more developed paracone with a stouter cingulum, and it further 
retains the hypocone. 
A worn m1 BSPG Nr 645 (FIGURE 5J1–3) from the early middle Miocene of Paşalar 
(MN5, Turkey) was described and assigned to Plesiogulo sp. by Schmidt-Kittler (1976). 
However, this designation is questionable in terms of morphology and age, with BSPG Nr 645 
being much older than other remains of Plesiogulo spp., which range from the late Miocene 
to the early Pliocene (MN10–MN14). Furthermore, the Turkish mustelid does not match 
with the morphology of Plesiogulo, with the former possessing a much more developed m1 
metaconid, a protoconid much higher than the paraconid, a relatively longer talonid with a 
Figure 6. Measurements (mm) of the upper dentition of Iberictis spp., Gulo gulo and Mellivora capensis, as depicted 
by bivariate plots of buccolingual width (W) vs. mesiodistal length (L). A. C; B. P2; C. P3; D. P4, E. M1.
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longer hypoconulid, and a deeper valley. Due to the scarcity of the material and the above-
mentioned morphological differences, we consider that the m1 from Paşalar should be excluded 
from Plesiogulo. Althought BSPG Nr 645 shows some similarities with the m1 of Iberictis, the 
former specimen is more robust, possesses a more developed metaconid, and displays a different 
talonid morphology (longer talonid, non-beveled lingual wall of the hypoconid, deeper talonid 
valley, higher entocristid, and lower hypoconid). These features indicate that an assignment of 
Iberictis can be also discounted for the Turkish specimen.
Figure 7. Measurements (mm) of the lower dentition of Iberictis spp., Mustelidae indet. from Paşalar, Gulo gulo and 
Mellivora capensis, as depicted by bivariate plots of buccolingual width (W) vs. mesiodistal length (L). A. c; B. p2; 




1. Phylogenetic relationships of the Guloninae, Mellivorinae and Mustelinae
During the Miocene large terrestrial mustelids exhibited a wide taxonomic diversity in 
Eurasia, Africa and North America, being represented by genera such as Dehmictis, Ekorus, 
Eomellivora, Hoplictis, Iberictis, Ischyrictis and Plesiogulo (Zdansky 1924; Teilhard 1945; Baskin 
1998; Ginsburg 1999; Werdelin and Peigné 2010). Historically, these mustelids has been assigned 
to the extant subfamilies Guloninae, Mellivorinae (honey badgers) and Mustelinae Fischer, 1817 
(weasels, polecats, mink and relatives; Baskin 1998; Ginsburg 1999; Werdelin and Peigné 2010). 
However the phylogenetic relationships among these genera and relative to extant mustelids 
remained elusive (e.g., Ginsburg and Morales 1992; Baskin 1998; Ginsburg 1999; Werdelin and 
Peigné 2010). Our cladistic analysis helps to unravel the relationship between these extinct and 
extant taxa (FIGURE 4), by showing that the genera Dehmictis, Iberictis, Ischyrictis, and Plesiogulo 
belong to the Guloninae clade. The systematics of extinct mustelids has been controversial (e.g., 
Pia 1939; Webb 1969; Ginsburg 1977; Ginsburg and Morales 1992; McKenna and Bell 1997; 
Baskin 1998; Ginsburg 1999), not only due to the scarce and fragmentary craniodental remains 
available for many extinct genera, but also to the presence of a mixture of primitive and derived 
characters (Valenciano et al., accepted). Valenciano et al. (accepted) performed a cladistic 
analysis of some living and extinct large gulonines and mellivorines, and conclude that the 
beech marten (Martes foina) and the fisher (Pekania pennanti), together with Gulo, Plesiogulo 
and the ischyrictini I. zibethoides, may be considered gulonines. The inclusion of additional 
Miocene taxa in the present study further supports the distinction of two subclades within the 
Guloninae, which we distinguish at the tribe rank: the Gulonini (Iberictis, Plesiogulo and Gulo) 
and the Ischyrictini (Dehmictis and Ischyrictis). These family-group taxa were originally erected 
as “sub-subfamilies” by Pia (1939), with the Ischyrictini including the extinct large mustelids 
Ischyrictis, Laphictis and Hadrictis (within subfamily Mellivorinae), and the Gulonini including 
Gulo and Plesiogulo (within the Mustelinae). Subsequently, the Ischyrictini and the Gulonini 
were considered at the tribe rank by Tobien (1955) and Webb (1969), respectively. Different 
authors (Pia 1939; Tobien 1955; Webb 1969; Ginsburg 1977, 1999) have included these tribes 
into the Mellivorinae and the Guloninae, comprising the genera Eomellivora (=Hadrictis), 
Hoplictis, Iberictis, Gulo, Ischyrictis (=Laphictis), Mellalictis, Mellivora, and Plesiogulo.
Based on the results of the cladistic analysis reported in this paper, the Guloninae clade 
is defined here by the following synapomorphies: (1) cusp of the I3 spreaded laterally; (2) M1 
with a weak crest between paracone and protocone; (3) M1 lingual area enlarged (ambiguous 
synapomorphy). The Guloninae also are characterized by the following traits: (1) P2 with 
a robust cingulum, absence of distal accessory cuspid in P3; (2) P4 parastyle low and stout; 
(3) a relatively reduced p2; and (4) presence of a lingual bulge in the p4. The subclade of 
Dehmictis+Ischyrictis is distinguished here as a tribe (Ischyrictini) of more basal Guloninae. The 
closer phylogenetic relationships between Iberictis, Plesiogulo and Gulo are reflected in the strict 
142
Paleontología Sistemática
tree obtained (FIGURE 4), in which these genera conform the monophyletic tribe Gulonini (the 
total clade of wolverines), characterized by the possession of a robust premolar morphology. 
In particular, the Gulonini are defined (Table 3) by a dentition with wrinkled enamel, strong 
cingula surrounding the P3–P4 and p2–p4, a robust P3 and p3, P3 with a lingual expansion 
(with the exception of G. schlosseri), the absence of mesial and distal accessory cuspids in the 
premolars, and a thickening on the mesial and distal cristids of the p2–p4. The members of the 
clade Iberictis+Plesiogulo (FIGURE 4, and 8) share more derived characters towards a Canis-like 
dentition, with a prominent crushing area in the upper and lower molars. In addition, they are 
characterized by a long P3 relative to the P4; a robust P4 with a stout protocone; an M1 with 
an enlarged stylar area and a mesiodistal enlargement of the lingual platform; and m1 without 
entoconid but with entocristid. The late Miocene species of Plesiogulo are large to giant-sized 
mustelids, characterized by a more robust dentition than in Iberictis and the possession of other 
more derived traits (e.g., the crestiform m1 hypoconid, presence of m1 hypoconulid, and lack 
of hypoconid in the m2). Plesiogulo also shares some characteristics traits with Gulo (e.g., P3 
with a buccal concavity; P4 protocone located distally to the parastyle with a stout cingulum 
surrounding the base of the protocone and a concavity in the buccal wall, and p3 with a lingual 
expansion), wich could suggest a close relationship between both genera, but according to our 
cladistics results are interpreted as synapomorphies for the Gulonini (Table 3). 
The oldest known species of the extant genus Gulo appears to be Gulo minor Sotnikova, 
1982, originally described based on a hemimandible from the Lower Adycha River Basin (Arctic 
Siberia, Russia). These deposits were originally interpreted as Pliocene in age (Sotnikova 1982), 
but subsequently reinterpreted as late Middle Pleistocene (Sher et al. 2011). Subsequently, G. 
minor has been reported, based on mandibular remains, from Udunga (Transbaikal region of 
Siberia, Russia), dated between 3.1 and 3.6 Ma (MN15–MN16; Sotnikova 2008, 2010; Wolsan 
and Sotnikova 2013), and thereby confirming an early late Pliocene age for this species (FIGURE 
9). Its lower dentition is clearly a wolverine-like, being characterized by small size, elongated 
premolars without accessory cuspids, and an m1 similar in morphology to that of G. gulo. 
Although G. minor is a potential candidate to be the oldest member of the genus Gulo, the 
scarcity of its currently available fossil remains preclude to confirm such a hypothesis. Gulo 
schlosseri Kormos, 1914 is a better-known species from the Early and Middle Pleistocene of 
Eurasia (Kormos 1914; Bonifay 1971; Xiaofeng and Haipo 1987; Sotnikova 2010). It is also 
smaller and displays a less derived dentition than the living wolverine. Gulo schlosseri and G. gulo 
have a very robust P4 and m1 trigonid, and share derived characters towards a hypercarnivorous 
dentition, with a reduction in the expansion of the P4 protocone, the M1 talon, the m1 talonid, 
and the m2. In both species, the lower carnassial has lost the metaconid; the paraconid and 
protoconid are equal in height, and the talonid has been reduced (in height, length and width), 
resembling a feloid-like tooth, in comparison with that of other mustelids. As discussed above, 
our phylogenetic results set back the origin of a total wolverine clade to the early Miocene, when 
Iberictis is recorded. This further indicates the existence of a ghost lineage in the wolverine 
lineage of at least 13 Myr (from MN4 to MN16), and that the genus Gulo (including G. minor, 
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G. scholosseri and G. gulo) would have not derived from any of the Plesiogulo species included 
in our analysis.
Our cladistics results also indicate that the giant mustelids E. piveteaui and Ek. ekakeran 
 Figure 8. The dentition of Iberictis compared with that of other members of the wolverine total clade. 
A. MNCN-74707, cast of the paratype of Iberictis buloti, left maxillary with P3–P4 from Pellecahus figured by 
Ginsburg and Morales (1992, Fig. 10), occlusal view; B. IPS10083 Iberictis buloti from els Casots, right maxillary 
fragment with P2–P4, occlusal view; C. IPS10077 Iberictis buloti from els Casots, left maxillary fragment with P4–
M1, occlusal view; D. IPS10072 Iberictis buloti from els Casots, left M1, occlusal view; E. PMU M3805, cranium of 
Plesiogulo crassa from Locality 108, China (specimen Ex. 8 of Zdansky, 1924), occlusal view; F. Gulo gulo cranium 
occlusal view; G. IPS10067, Iberictis buloti from els Casots, right hemimandible with c, p2–m1, G.1. occlusal view, 
G.2. buccal view; H. PMU M3806, mandible of Plesiogulo crassa from Locality 108, China(specimen Ex. 8 of 
Zdansky, 1924; same individual as PMU M3805), H.1. occlusal view, H.2. buccal view; I. Gulo gulo, mandible 
(same individual as depicted in F), I.1. occlusal view, I.2. buccal view. 
Figure 9. Calibrated phylogenetic hypothesis based on our cladistic analysis. Chronostratigraphical and 
biochronological correlations of North American land mammal age (NALMA) based on a Tedford et al. (2004), 
Albright et al. (2008) and Hilgen et al. (2012); European Mammal Neogene Units (MN) based on Hilgen et al. 
(2012) and Morales et al. (2013). Stratigraphic ranges of the taxa based on Kormos (1914), Zdansky (1924), Viret 
(1933, 1939), Helbing (1930, 1936), Teilhard, (1945), Petter (1963), Kurtén, (1970), Bonifay (1971), Hendey (1978), 
Harrison, (1981), Roth (1989), Ginsburg and Morales (1992), Alcalá et al. (1994), Sotnikova (1995, 2008), Ginsburg 
(1999), Werdelin (2003), Montoya et al. (2011), Sher et al. (2011), Peigné (2012), Wolsan and Sotnikova (2013), and 
Valenciano et al. (2015). Gulo minor is placed here based on Sotnikova (1982, 2010), although it was not included 
in our cladistics analysis. 
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are mellivorines, in agreement with Valenciano et al. (2015, accepted; FIGURE 4). Eomellivora 
piveteaui, Ek. ekakeran and M. capensis autapomorphically share the tendency of the posterior 
lacerate and jugular foramina to posses separate openings, being the jugular foramen in a 
distolateral position in relation to the posterior lacerate foramen (Table 3). The living European 
polecat (Mu. putorius), which belongs to the subfamily Mustelinae, it is nested in our analysis as 
the sister taxon of the clade composed by the three above mentioned species, but the node is only 
very weakly supported. Molecular phylogenetic analyses support mustelines as the sister group 
of lutrines (otters; e.g., Koepfli et al. 2008; Sato et al. 2012) instead of mellivorines, although it 
should be taken into account that the phylogenetic placement of Mellivora capensis (the only 
living mellivorine) is contentious (Sato et al. 2012), being generally considered to occupy a 
basal position within the Mustelidae (Koepfli et al. 2008; Sato et al. 2012). The primitive and 
hypercarnivorous Hoplictis noueli, only know by mandibles and an isolated M1, is recovered by 
our analysis as the basalmost taxon of the mellivorine clade, being thus tentatively considered 
as a stem mellivorine. However, the fact that it occupies a more basal position that Mu. putorius, 
even if this placement is weakly supported, does not allow us to conclusively discount the 
possibility that Hoplictis precedes the divergence between mellivorines and mustelines. The 
discovery of additional remains of the upper dentition of H. noueli might therefore contribute 
to clarify further the phylogenetic relationships between this basal form and other investigated 
taxa, thereby helping to deciphen the relationships between the Mellivorinae and the Mustelinae. 
2. Remarks on the diet of the Gulonini
In terms of diet, both Iberictis and the more derived Plesiogulo are characterized by a 
robust dentition with long m1 as well as long and stout M1 and P4 (FIGURES 8-9). These traits 
are useful for opportunistic foraging and also for crushing bones, as it is the case among extant 
canids (Sillero-Zubiri 2009). The characteristic shortening of the M1 talon and m1 talonid of 
Gulo, together with other craniodental features (thickening of the m1 trigonid and shortening 
of the muzzle), represent an alternative adaptation for crushing bones with the premolars and, 
especially, with the carnassials (FIGURES 8-9). The diet of G. gulo includes the carcasses of 
large ungulates such as moose (Alces alces) and reinder (Rangifer tarandus), further preying 
opportunistically on deer, sheep and small vertebrates (Larivière and Jennings 2009). The 
shortening of the muzzle enabled the production of higher bite forces, which improved the 
efficiency for crushing bones, which constitute an important portion of the diet of this taxon 
(Larivière and Jennings 2009). Preliminary studies of the masticatory apparatus of large and 
giant mustelids suggested that G. gulo is able to produce relatively greater bite forces than 
Plesiogulo crassa (Valenciano et al. 2016b), although the estimates delivered for both taxa were 
quite high for a carnivoran of its size. Morphological similarities in the dentition of Plesiogulo 
and Gulo, such as the size and stoutness of the premolar series, suggest that Plesiogulo was 
similarly an opportunistic feeder able to process bone rather efficiently (Harrison 1981). The 
latter specialization is less evident in Iberictis, which might have been a more opportunistic 
feeder than Plesiogulo and Gulo, although both the shape of the teeth and their horizontal wear 
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pattern displayed by some specimens (e.g., Figures 3A and 5E) support the consumption of hard 
food items such as bones (like in living jackals, Canis mesomelas; Sillero-Zubiri 2009).
Summary and conclusions
Based on unpublished remains from the early Miocene (MN4) of els Casots (Vallès-
Penedès Basin), the extinct gulonine mustelid Iberictis buloti is first reported from the Iberian 
Peninsula, where only its sister species, Iberictis azanzae, was previously known. The sample 
of I. buloti from els Casots includes more abundant material than that from the type locality 
(MN4 of Pellecahus, France), and therefore it enlarges the knowledge of this genus in relation 
to the wolverine lineage. A cladistic analysis of extinct and extant gulonines and mellivorines 
indicates that the lineage is much older that previously thought. In particular, Iberictis emerges 
as the oldest member of Gulonini (the total clade of wolverines, currently represented only 
by the living Gulo gulo), thus allowing to track the fossil record of this clade back to the early 
Miocene (16.5–-16.3 Ma). Iberictis is further nested as the sister genus of the large late Miocene 
gulonine Plesiogulo, thereby indicating that none of the analyzed species of the latter genus is 
a likely direct ancestor of Gulo. The results of our phylogenetic analysis further allows us to 
rearrange the analyzed large Miocene genera into two distinct mustelid subfamilies: Dehmictis 
and Ischyrictis (Ischyrictini), together with the aforementioned genera Iberictis and Plesiogulo 
(Gulonini) are classified as gulonines; whereas Ekorus, Eomellivora, and Hoplictis are classified 
as mellivorines, being possibly more closely related to the Mustelinae (represented here by 
Mustela). Our cladistic analysis therefore confirms a sister-taxon relationship between Iberictis 
and Plesiogulo (as previously suggested by Ginsburg and Morales 1992) but discounts a direct 
relationship between Eomellivora and Ischyrictis (contra Ginsburg and Morales 1992), given that 
Eomellivora emerges as a mellivorine, whereas Ischyrictis is deemed by the analysis as a stem 
gulonine.
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1 Posterior lacerate and jugular foramina 
“Fused” into a single foramen (0) Bryant, 1993 10 
 
 Tendency to display separate 
openings with the jugular foramen 





Position of the infraorbital 
foramen 
 
Above P3 (0) Valenciano et al. 
accepted 3  Above P4 parastyle (1) 
3 
Mastoid process Reduced, located in dorsal view in 
line with the middle point of the 
orbit (0) 
Valenciano et al. 
accepted 5 
 
 Enlarged, located laterally exceeding 
to the orbit (1) 
   
4 
Relative position of the 
mastoid process and the 
paroccipìtal process 
Relatively close (0) Valenciano et al. 
accepted 6 
 
 Mastoid process located mesially to 
the paroccipital process (1) 
 
 
5 Paroccipital process Not reduced (0) Valenciano et al. accepted  7 
  Reduced (1)    
6 Shape of upper incisor row 




  Straight (1)   
7 Orientation of the cusp of I3 
Spreaded out laterally (0) Valenciano et al. 
accepted  9 
  In line with the cusps of I1-2 (1)   
8 
Orientation of Canine Spreaded out laterally, with an 
arrangement of the tip non parallel 
(0) 
Valenciano et al. 
2016  16 
 
 Ventrally directed, with a parallel 
arrangement of the tip (1) 
   
9 P1. Present (0) Valenciano et al. 
2015 
1 
  Absent (1)  
10 P2. Distal accessory cusp Present (0) Valenciano et al. 2015 3 
 
 Absent (1)    
11 P2. Occlusal morphology Elongated (0) This manuscript  
  Oval and robust (1)     
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12 P2. Strong cingulum rounded the entire tooth 
Absent (0) This manuscript 
 
 
 Present (1)    
13 
P3. Robustness ratio 
[(maximum width/ 
maximum length) x 100] 
Slender P3 (less than 60) (0) Modified of 




 Robust P3 (60 or more than 60) (1)   
14 
P3. Lingual bulge in the 
middle of the tooth 
Absent or reduced (0) This manuscript 
  
   Well-developed (1)    
15 
P3. Mesial accessory cusp Reduced or absent (0) 
 
Present (1) 




16 P3. Distal accessory cusp Present (0) Valenciano et al. 2015  12 
 
 Absent (1)  
 
17 
P3. Buccal wall Rectilinear wall (0) Modified from 




 Conspicuous concavity (1)  
 
18 P3. Basal cingulum  Weak (0) Valenciano et al. accepted  20 
  Strong (1)   
19 
P4/P3 length ratio. 
Maximum length of P4 in 
relation to maximum 
length of P3 ratio [(L P4/L 
P3) x 100] 




 More than 170 (1)  
 
20 
P4. Robustness ratio 
[(maximum width/ 
maximum length) x 100]  
Slender P4 (less than 60) (0) Valenciano et al. 
accepted 22 
 
 Robust P4 (more than 60) (1)    
21 
P4. Orientation of the 
protocone 
In front or mesial to the mesiobuccal 
corner (0) 
Modified from 
Valenciano et al. 
2015 
16 
  Displaced distally (1)   




 Conical (1)    
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23 P4. Height of the protocone  
Low (0) This manuscript 
 
 
 High (1)    
24 P4. Mesiodistal length of the protocone 
Relatively narrow  (0) This manuscript 
 
 
 With a trend towards enlargement 
(1) 
   
25 
P4. Protocone cingulum   Weak or absent (0) Valenciano et al. 
accepted  24 
  Prominent and complete (1)     
26 P4. Parastyle Absent or weak (0) Valenciano et al. accepted 26 
 
 Strong and low (1) 




P4. Lingual cingulum 







 Present (1)   
28 P4. Buccal wall Rectilinear (0) Valenciano et al. accepted 
 27 
 
 With a pronounced concavity 




P4. Basal cingulum 
surrounding the tooth 
Weak (0) Modified from 




 Strong (1)    
30 
Relative size between 
maximum length of M1 
and the maximum length 
of P4 
M1 larger than or equal in size to P4 
(values >100) (0) 
Modified from 
Wolsan, 1993 16 
 
 M1 smaller than P4 (values between 
70-100) (1) 





M1. Robustness ratio 
[(maximum mesiodistal 
length on the lingual area/ 
maximum buccolingual 
width) x 100] 
Relatively slender M1 (<60) (0) This manuscript 
  
 













33 M1. Metacone related to paracone 
Normal size  (0) Valenciano et al. 
accepted 32  
 
 Very reduced (1)  
 
34 
M1. Metaconule Present (0) Valenciano et al. 
accepted  33 
  Absent (1)   
35 
M1. Protocone shape Ridge-shaped (0) Modified from 




 Conical cusp-like shape (1)  
 
36 
M1. Presence of a slender 
buccolingual crista from 
the paracone to the 
protocone 
Very reduced or absent (0) This manuscript 
  
  Present (1)   
37 M1. Protocone position Mesiolingually located (0) Valenciano et al. accepted  35 
 
 Almost centrally on the middle of 




M1. Ratio of Enlargement 
of the lingual area of the 
tooth [(maximum length 
on the lingual platform/ 
maximum width of 
paracone-metacone area) 
x 100] 
Lingual area not enlarged or with a 
relative enlarged (< than 110) (0) 
 
 
Lingual area enlarged (> than 110) 
(1) 
This manuscript 
       
39 M1. Lingual platform  Oval shape (0) Valenciano et al. accepted  39 
 




40 M1. Degree of expansion of the lingual platform 
Rounded or subcuadrangular (0) This manuscript   
 
 Elongated mesiodistally (1)  
 
      
41 
p1. Present (0) Valenciano et al. 
2015 26 
  Absent (1)   
42 
p2. Length p2 compared 
to p3 





 reduced (1)    
43 
p2. Mesial accessory 
cuspid 
Absent (0) This manuscript 
 
 
 Present (1)    
44 p2. Distal accessory cuspid Absent (0) Valenciano et al. 2015 27 
  Present (1)    
45 
p2. Robustness ratio 
[(maximum width/ 
maximum length) x 100] 
Slender p2 (less than 50) (0) Valenciano et al. 
2015 28 
 
 Relatively robust p2 (from 50 to 70) 
(1) 
Very robust p2 (>70) (2)  
  
46 p2. Basal cingulum  Incomplete and weak (0) This manuscript   
  Complete and strong (1)   
47 p2. Mesial and distal cristids 
Weak cristids (0) This manuscript 
  
 
 Thickened cristids (1)  
 
48 p3. Mesial accessory cuspid 
Absent (0) Valenciano et al. 
accepted 46 
 
 Present (1)  
 
49 p3. Distal accessory cuspid Well developed (0) Valenciano et al. 2015 29 
 
  Absent or poorly developed (1)    
50 
p3. Robustness ratio 
[(maximum width/ 
maximum length) x 100] 
Slender p3 (< than 55) (0) This manuscript 
 
 
 Robust p3 (= or > than 55) (1)    
51 p3. Lingual bulge or lingual expansion 
Absent (0) This manuscript 
 
 
  Well developed (1)    
52 p3. Mesial and distal cristids 
Weak cristids (0) This manuscript 
 
 
 Thickened cristids (1)  
  
53 p3. Basal cingulum Incomplete and weak (0) This manuscript  
 
 Complete and strong (1)    
54 p4. Development of the mesial accessory cuspid 
Absent or poorly-developed (0) Valenciano et al. 
2015 33 
 






55 p4. Distal accessory cuspid Well developed (0) Valenciano et al. 2015 34 
  Absent or vestigial (1)    
56 p4. Lingual expansion or basal bulge 
Absent (0) Valenciano et al. 
accepted 55 
 
 Present (1)    
57 p4. Buccal wall Straight (0) This manuscript  
58 
  Markedly concave (1)    
p4. Mesial and distal 
cristids 
Weak cristids (0) This manuscript  
  Thickened cristids (1)   59 p4. Basal cingulum Incomplete and weak (0) This manuscript   
  Complete and strong (1)   
60 
m1. Robustness ratio 
[(maximum width/ 
maximum length) x 100] 
m1 relatively robust  (values between 
35-50) (0) 
Modified of 




 m1 slender (<35) (1)    
m1. Metaconid Present (0) Valenciano et al. 
2015 38 
  Absent (1)   
62 





 Reduced (1) 
Individualized, and high (2) 
   
63 m1. Height of protoconid in relation to paraconid 
Protoconid higher than paraconid 
(0) 
Valenciano et al. 
2016 61 
 
 Protoconid similar in height than 
the paraconid (1) 
   
64 
m1. Length Talonid ratio 
[(maximum talonid 
length/ maximum total 
length m1) x 100] 





 Talonid reduced (values <30) (1) 




m1. Width talonid ratio 
[(maximum talonid 
width/ maximum width in 
the base of the 
protoconid-metaconid) x 
100] 
Talonid not widened (values 
between 85-100) (0) 




 Talonid reduced (< 85) (1)  
 
    
66 m1. Height of hypoconid Low (0) High (1) 
Valenciano et al. 




m1. Hypoconid position Labially located (0) Modified from 
Valenciano et al. 
2015 
 42 
  Centrally located (1)   
68 m1. Shape of hypoconid Cusped, pyramidal (0) This manuscript  
 
 Cusped with a trend to the crest-like 
shape (1) 
   
69 m1. Hypoconid size Medium size (0) This manuscript   
 
 Enlarged size (1)  
 
  Reduced size (2)   
       
70 m1. Orientation of the hypoconid  
Almost vertical (0)  Valenciano et al. 
accepted 62 
 
  Orientated towards the m1 
protoconid (1) 
    
71 m1. Hypoconulid Very reduced to absent (0) Valenciano et al. accepted 67 
 
  Present, not reduced (1)    
72 m1. Entoconid Individualized (0) Valenciano et al. accepted 63 
 
 Transformed into an entocristid (1) 




m1. Talonid basin Closed basin, rounded, and shallow 
(0) 
Enlarged and deeper basin (1)  
This manuscript 
  
  Absent or reduced basin (2)   
74 m2.  Present (0) This manuscript 
    Absent (1)    
75 m2. Protoconid  Labially located (0) Centrally located (1) 
This manuscript 
 
76 m2. Metaconid  Present (0) Absent (1) 
Valenciano et al. 
2015 43 






m2. Hypoconid Individualized very marked, 
occupying the entire distal area of 
the m2, with a conspicuous notch in 
the alveolus (0) 
Individualized very marked, but not 
occupying the entire distal area of 
the m2 (1) 







Character-taxon matrix used in the phylogenetic analysis performed in this 
work.
Appendix 3. Character-taxon matrix in nexus format.
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ABSTRACT
We re-evaluated the Austrian material of Hadrictis fricki Pia, 1939, from the localities 
Wien XII-Altmannsdorf and Gaiselberg (MN9, Vallesian, Late Miocene), concluding that 
Hadrictis can be considered as a synonymy of Eomellivora Zdansky, 1924; we therefore named 
it as Eomellivora fricki. This species is one of the earliest representatives of the genus, together 
with E. piveteaui Ozansoy, 1965. Our phylogenetic analyses indicate that Eomellivora forms a 
monophyletic group, establishing the sister clade of the large and derived Late Miocene Ekorus 
ekakeran. Eomellivora fricki shows a primitive dental morphology and is the largest species of 
the genus. This species shows the complexity of the genus Eomellivora, in which large and small 




Mustelidae is the most diverse family within the currently existing Carnivora, comprising 
57 extant species of weasels, martens, polecats, badgers and otters (Larivière and Jennings, 
2009). The Mellivorinae Gray, 1865, is the subfamily containing Mellivora capensis (Schreber, 
1776) as the only living representative, commonly known as the ratel, or honey badger. It is the 
largest African terrestrial mustelid, weighing between 6.2 and 13.6 kg, and with a distribution 
range from Africa to India (Larivière and Jennings, 2009). It is a generalist and opportunistic 
predator, with a wide range of prey; it presents clear regional differences in its diet, which mostly 
involves rodents, other carnivorans (e.g., Suricata, Felis, Cynictis, Ictonyx), amphibians, reptiles, 
birds and invertebrates, but also includes roots, berries and fruits (Begg et al., 2003; Larivière 
and Jennings, 2009). Notwithstanding the fact that only one monospecific genus has survived up 
to the present, this subfamily was more diversified in the past. This mellivorine diversity is well 
reflected in the Neogene fossil record, although the remains are mostly fragmentary (Baskin, 
1998; Morales et al., 2015, Werdelin and Peigné, 2010). The origin of the subfamily is unclear, 
but most likely arose in Eurasia or Africa, during the Middle Miocene and early Late Miocene 
with Sivamellivora Kretzoi, 1942, Mellalictis Ginsburg, 1977 and Eomellivora? tugenensis Morales 
and Pickford, 2005. Sivamellivora necrophila (Pilgrim, 1932) comes from the Lower Siwaliks 
(India), Chinji formation ca. 14-11.2 m.y.a. (Patnaik, 2013) and is based on very few teeth and 
an edentulous mandible. Mellalictis mellalensis Ginsburg, 1977 from Beni Mellal (Morocco) 
ca. 12.5-11.2 m.y.a. (Werdelin and Peigné, 2010) is known by its isolated teeth and postcranial 
fragments. It is uncertain, however, whether it is a mellivorinae or a mustelinae (Bonis et al., 
2009). Eomellivora? tugenensis Morales and Pickford, 2005 from the Ngorora formation (Kenya), 
ca. 12 m.y.a., is a poorly known mustelid of medium size that could constitute an ancestral form 
of Eomellivora (Valenciano et al., 2015).
Since the beginning of the Late Miocene, new genera of mellivorines radiated throughout 
Eurasia and Africa, e.g., Ekorus Werdelin, 2003 (assigned to mellivorinae in this manuscript), 
Eomellivora Zdansky, 1924, Erokomellivora Werdelin, 2003, Hadrictis Pia, 1939, Howellictis Bonis 
et al., 2009, Mellivora Storr, 1780, and Promellivora Pilgrim, 1932. Some of them, such as Ekorus 
and Eomellivora (=Hadrictis), reached a significantly large size, which is why they are considered 
as giant mustelids. Eomellivora and Ekorus were one of the largest and most hypercarnivorous 
mustelids ever known; it was larger than the extant wolverine, G. gulo, but according to its 
cranium dimensions, it was smaller than the Oligobuninae Megalictis ferox (Werdelin, 2003; 
Valenciano et al., 2015, 2016). Eomellivora has been described in Asia, North America, Europe 
and Africa (e.g., Wolsan and Semenov 1996; Morales and Pickford, 2005; Valenciano et al., 2015), 
spanning from the Middle (MN8) to the Late Miocene (MN13). The first complete review of the 
genus was conducted by Wolsan and Semenov (1996); it concluded that this genus represents a 
single lineage of E. wimani Zdansky, 1924, which they subdivided into the chrono-subspecies E. 
wimani piveteaui for the Vallesian (MN9-10) specimens, and E. wimani wimani for the Turolian/
Ventian (MN11-13) ones. More recently, a sample of E. piveteaui Ozansoy, 1965, from Batallones 
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(Late Miocene, MN10, Madrid, Spain) has been described by Valenciano et al. (2015); this has 
enabled E. piveteaui, E. wimani, E. ursogulo (Orlov, 1948) and E. hungarica Kretzoi, 1942, to be 
accepted as valid species. However, neither Wolsan and Semenov (1996) nor Valenciano et al., 
(2015) analyzed the very large-sized mustelid Hadrictis fricki Pia, 1939
Hadrictis fricki was described by Pia (1939) from the Austrian locality of Wien XII-
Altmannsdorf, Late Miocene (MN9), by a largely fragmented skull that includes a worn P4-M1. 
Subsequently, Zapfe (1948) described a hemimandible with a worn dentition as H. fricki from 
Gaiselberg (Austria), Late Miocene (MN9). The systematic position of Hadrictis is doubtful - it 
constitutes a valid genus for some authors (Pia 1939, Zapfe 1948, Kretzoi 1942, 1965, Ozansoy, 
1965, Webb, 1969, Ginsburg, 1977), whereas for others it is a synonym of Eomellivora (Werdelin, 
1996, 2003, Peigné et al., 2006). However, the mandible of H. fricki described by Zapfe (1948) 
has been ignored and never compared with any other species of Eomellivora. The objectives of 
the present manuscript are twofold: (1) to re-describe and re-measure the material described 
by Pia (1939) and Zapfe (1948), and (2) to re-evaluate the systematic position of H. fricki in the 
light of the new evolutionary framework of Eomellivora proposed by Valenciano et al., (2015).
Localities and geological setting
Both Austrian localities, Wien XII-Altmannsdorf and Gaiselberg, are situated in the 
Vienna Basin, which forms the northwestern part of the Pannonian Basin (Figure 1). During 
the Pannonian stage the foregone disintegration of the Central Paratethys has restricted Lake 
Pannon to the Pannonian Basin system. The first brackish-lacustrine and subsequent fluvial-
influenced deposits of Lake Pannon are biostratigraphically subdivided into the Pannonian A 
to H biozones, based on molluscs (Papp 1951). Both sites yielded a Late Miocene (Pannonian) 
vertebrate fauna (e.g., Pia 1939, Thenius 1948, Zapfe 1949) including fossils of the three-toed 
horse Hippotherium sp., whose FAD (First Appearance Datum) is MN9.
Wien XII-Altmannsdorf (Grießergasse clay and sand pit). Altmannsdorf is a quarter in 
the 12th urban district (Wien XII-Meidling) in the southwest of the city of Vienna. Vertebrate 
fossils in this area have been found mostly in historic sand and clay pits, in which the so-called 
“Congerientegel” (Schaffer 1904) was exploited for brick production. Two nearby clay pits, one 
located in Grießergasse Street and the other in Oswaldgasse Street, have been active until about 
1926 (Pia, 1939). At present, all the clay and sand pits have disappeared and the area has become 
densely built-up. Pia (1939) pointed out that the names of the nearby pits “Grießergasse”, 
“Oswaldgasse”, and even the general term “Altmannsdorf ”, as the provenance for the vertebrate 
fossils, were used arbitrarily by the clay pit workers. However, the outcropping deposits in these 
nearby pits can be expected to be the same.
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The fossil of Hadrictis fricki from Altmannsdorf was bought together with other vertebrate 
fossils (Table 1) by the Naturhistorisches Museum Wien (Vienna, Austria) in 1912 from a clay 
pit worker, who indicated the precise locality as “Grießergasse” (Pia 1939). Due to the presence 
of the snail Melanopsis fossilis pseudoimpressa Papp, 1953, in the deposits of the “Oswaldgasse” 
pit (Papp 1953), these deposits can be correlated with the biozone Pannonian D (Middle 
Pannonian), corresponding to the Mammalian Neogene Unit MN9 (Figure 1).
Gaiselberg. The Late Miocene deposits of Gaiselberg near Zistersdorf (Lower Austria) 
belong to the Hollabrunn-Mistelbach Formation, which represents sediments of a braid-delta 
system discharged by the paleo-Danube in the Vienna basin into Lake Pannon (Nehyba and 
Figure 1. Vienna Basin with geographic and stratigraphic position of localities (asterisks) (modified after Harzhauser 
et al. 2004, figures 1 and 2).
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Roetzel 2004). Three sand pits in 
the village of Gaiselberg yielded an 
early Vallesian vertebrate assemblage 
(Table 2) which was studied by 
Zapfe (1949). The presence of the bivalve Congeria partschi, the more plesiomorphic dental 
morphology of Hippotherium sp. (Woodburne 2009), and the co-occurrence of the two equids, 
Hippotherium (FAD) and Anchitherium (LAD), in Gaiselberg (Thenius 1950, Daxner-Höck and 
Bernor 2009) indicate an Early Pannonian age, corresponding to the biozones earliest Pannonian 
C and earliest MN9, respectively (Figure 1). 
Material and Methods 
Nomenclature and Measurements
Dental nomenclature follows Ginsburg (1999) and Smith and Dodson (2003). Anatomical 
descriptions are based primarily on Scapino (1968), Turnbull (1970), Barone (1999, 2000), Waibl 
et al. (2005), and Evans and de Lahunta (2010, 2013). Measurements were made with Mitutoyo 
Absolute digital calipers accurate to 0.1 mm.
Wien XII-Altmannsdorf 
Carnivora










Table 1. Fossil vertebrate fauna Wien 
XII-Altmannsdorf (Griesergasse, 
Oswaldgasse) (updated by U.B.Göhlich, 
based on Pia 1939, Thenius 1948).
Gaiselberg
Carnivora










Conohyus doati (formerly Hyotherium palaeochoerus)
Dorcatherium naui 
Miotragocerus pannoniae 




Table 2. Fossil vertebrate fauna from Gaiselberg (uddated by 
U.B. Göhlich, based on Zapfe 1949, Thenius 1950, Pickford 




AMNH, American Museum of Natural History, Division of Mammalogy, New York, 
USA; BAT, Batallones localities collection from the MNCN; IPUW, Institut für Paläontologie, 
Universität Wien, Vienna, Austria; MFGI, Geological and Geophysical Institute of Hungary, 
Budapest, Hungary; MNCN, Museo Nacional de Ciencias Naturales, Madrid, Spain; MNHN, 
Muséum National d´Historie Naturelle, Paris, France; NHMW, Naturhistorisches Museum Wien, 
Vienna, Austria; NRM, Naturhistoriska Rikmuseet, Stockholm, Sweden; PIN, Palaeontological 
Institute, Russian Academy of Sciences, Moscow, Russia; PMU, Palaeontological Museum, 
University of Uppsala, Uppsala, Sweden.
Studied Material
The fossil remains of E. fricki from Austria are stored in the fossil vertebrate collections of 
the Department of Geology and Palaentology at the NHMW, Austria: NHMW 2016/0065/0001: 
very fragmented skull with P4-M1 from Wien XII-Altmannsdorf, Vienna, Austria, MN9; 
NHMW 1977/1948/0130: partial hemimandible with broken c, alveoli of p1 and p2, a 
complete p4 and m1 and an alveolus for m2 from Gaiselberg, Lower Austria, Austria, MN9. 
For comparison we studied the lectotype of E. piveteaui (MNH-TRQ-1004), and E. piveteaui 
(MNH-TRQ-1005), both from Yassiören, Turkey, MN9, housed at MNHN; E. piveteaui from 
Batallones (see Valenciano et al., 2015), Spain, MN10, housed at MNCN; the holotype of E. 
ursogulo (PIN-No.268) from Grebeniki, Ukraine, MN11 housed at PIN (available as a cast at 
IPUW and NHMW); the holotype of E. hungarica (MFGI-Ob-2676) from Polgárdi 2, Hungary, 
MN13, housed at MFGI; the lectotype of E. wimani from Shangyingou (PMU-M3692 and 
PMU-M3693) and E. wimani from Liuwangou (PMU-M3847), both from China, MN12-13, 
housed at PMU; a cast of the holotype of Ekorus ekakeran from Lothagan, Kenya, (~MN12-
13), housed at NRM (Lars Werdelin´s collection); Ischyrictis zibethoides (Blainville, 1842) from 
Sansan, France, MN6, housed at MNHN; Plesiogulo crassa Teilhard, 1945, from Localities 30, 108 
and 111, China, MN10-12 (Kurtén, 1970) housed at PMU. The fossils from Howellictis valentini 
from Toros Menalla 192 (Chad) (~MN12), were studied based on the publication of Bonis et al., 
(2009). The studied extant carnivorans were the mustelids Mellivora capensis, Pekania pennanti, 
Martes foina, G. gulo and the canid Canis lupus, housed at AMNH, NRM and MNCN.
Cladistic analysis
We performed a cladistics analysis to better asses the relationships of E. fricki with other 
large Middle and Late Miocene taxa presenting similar hypercarnivorous dentition and with 
nearly complete remains, such as Ek. ekakeran, E. piveteaui, E. wimani, E. ursogulo, E. hungarica, 
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H. valentini, I. zibethoides, P. crassa, and the living gulonines Martes foina, Pekania pennanti, 
G. gulo, the mellivorine M. capensis and the canid Canis lupus. Neither did we include in the 
analysis the African species of Eomellivora? E. tugenensis or other mellivorines (e.g., Mellalictis, 
Promellivora, Erokomellivora, Mellivora benfieldi), due to the incompleteness of the preserved 
remains. The cladistics analysis includes 14 taxa and 70 equally weighted and unordered dental 
and cranial characters generated by us; some of them were modified from Bryant et al., 1993, 
Wolsan 1993, Baskin, 2004, and Valenciano et al., 2015, 2016 (Appendix 1). The matrix can 
be observed in Appendices 2 and 3. The analysis was performed with the use of PAUP*4.0b10 
(Swofford, 2002).
Systematic Paleontology
Order CARNIVORA Bowdich, 1821
Suborder CANIFORMIA Kretzoi, 1943
Family MUSTELIDAE Fischer, 1817
Subfamily MELLIVORINAE Gray, 1865
Genus EOMELLIVORA Zdansky, 1924
Type Species. Eomellivora wimani Zdansky, 1924, by original designation.
Included Species. Eomellivora wimani Zdansky, 1924; Eomellivora fricki (Pia, 1939); 
Eomellivora hungarica Kretzoi, 1942; Eomellivora ursogulo (Orlov, 1948); Eomellivora piveteaui 
Ozansoy, 1965; Eomellivora? tugenensis Morales and Pickford, 2005.
Diagnosis. Modified after Wolsan and Semenov (1996) and Werdelin and Peigné (2010). 
Mellivorine mustelid of large size; P1 present; P3 with one or two distal accessory cusps; P3 
with the distal area thickened; P4 with a subconical protocone, and with paracone-protocone 
and paracone-parastyle crests; P4 protocone located in line with the parastyle; P4 parastyle 
poorly-developed but thickened; buccal wall of P4 with a concavity in the base of the crown 
between the paracone and the metastyle, exhibiting a variable degree of development; stylar 
area of M1 enlarged; M1 with a non-reduced metacone in the earlier species and a reduced 
one in the Turolian-Ventian; M1 with an arched ridge-shaped or conical protocone continuing 
into the mesial protocone crest, and a talon relatively equally expanded mesially and distally; 
premolar teeth crowned; p1 present; p2 turned buccolingually from the tooth row; p3 with a 
distal accessory cuspid and with the distal area thickened; p4 enlarged with a distal accessory 
cuspid and with a backward inclination of the main cuspid towards the m1; m1 enlarged with 
the m1 metaconid residual in some of the earliest species and absent in the others, in which it 
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is replaced by a distinct crest; m1 talonid with single but strong, high and centrally positioned 
hypoconid; m2 elongated mesiodistally with a low crown surrounded by a cingulum and a 
central protoconid.
Eomellivora fricki (Pia, 1939) 
Figure 2 and table 3
1939 Hadrictis fricki Pia, p. 538, figures 1-5.
1942 Hadrictis fricki Kretzoi, p. 319.
1948 Hadrictis fricki Zapfe, p. 244, figure 1.
1965 Hadrictis fricki Ozansoy, p.25.
1965 Hadrictis fricki Kretzoi, p.131.
Holotype. NHMW 2016/0065/0001, comprising several small fragments of a cranium, 
including a portion of maxilla with P4 and M1.
Type locality. Wien XII-Altmannsdorf (Vienna, Austria).
Other locality. Gaiselberg (Lower Austria, Austria).
Stratigraphical distribution. Late Miocene (MN9).
Diagnosis. For cranium and upper dentition in Pia (1939) and for mandible and lower 
dentition in Zapfe (1948).
Emended diagnosis. Eomellivora of very large-size, with a relatively large P4, and M1. M1 
with an enlarged stylar area, metacone not reduced, protocone ridge-edge located mesially with 
a prominent lingual platform. Very robust mandible, with a large c, presence of p1, rectangular 
p4 without a mesial accessory cuspid, a large m1, and a relatively large m2, according to its 
alveolus.
Differential Diagnosis. Differs from all the species of Eomellivora in a larger dentition, 
in the presence of a residual m1 metaconid and in a stouter mandibular corpus. Differs from E. 
piveteaui in a bigger M1 metacone, in a larger distal platform in M1, and in a shorter mandible. 
Differs from E. wimani in a less concave buccal base of the P4, in a more developed M1 metacone 
and a non-cuspid-like M1 protocone; Furthermore, it differs in the absence of a mesial accessory 
cuspid in p4 and a shorter mandible. Differs from E. ursogulo in a better developed M1 metacone, 
and a non-cuspid-like protocone; additionally it differs in the absence of a mesial accessory 
cuspid in p4, in possessing only one distal accessory cuspid in p4, and in a shorter mandible. 
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Figure 2. Fossil remains of Eomellivora fricki (Pia, 1939) from Wien XII-Altmannsdorf and Gaiselberg. 1-5 
Holotype NHMW 2016/0065/0001 from Wien XII-Altmannsdorf. 1.1-1.4, left maxilla fragment, 1.1, lateral view, 
1.2, ventral view, 1.3, rostral view, 1.4, caudal view; 2.1-2.2, right maxilla fragment, 2.1, lateral view, 2.2, ventral 
view; 3, fragment of the left zygomatic arch; 4, fragment of the left temporo-mandibular joint; 5, fragment with the 
right mastoid process, the ventral part of the nuchal crest, the external auditory meatus, and part of the glenoid 
cavity, 5.1, lateral view, 5.2, dorsal view; 6.1-6.4, NHMW 1977/1948/0130 right hemimandible from Gaiselberg. 
6.1, lateral view, 6.2, medial view, 6.3, dorsal view, 6.4, ventral view. Scale bar equal 5 cm.
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Differs from E. hungarica in a much more developed M1 with a larger metacone and larger distal 
platform in M1, and in the absence of a mesial accessory cuspid in p4.
Description. NHMW 2016/0065/0001 comprises five little fragments of an incomplete 
cranium from Wien XII-Altmansdorf previously described by Pia (1939): (1) a fragment of the 
left maxilla with the distal part of the P3 alveoli, and a worn P4-M1 (Figure 2.1.1-4; Table 3). It 
also shows the most rostral portion of the zygomatic arch, and the ventral part of the infraorbital 
foramen; (2) an homologous edentulous fragment of the right maxilla (Figure 2. 2.1-2) with 
the distal part of the P3 alveolus, the alveoli of P4 and one broken root of the M1; (3) a small 
fragment of the left zygomatic arch, fitting the frontal process of the zygomatic (Figure 2. 3); 
(4) a small fragment of the left temporo-mandibular joint with a partial glenoid cavity (Figure 
2. 4); and (5) a fragment including the right mastoid process, the ventral part of the nuchal 
crest, the external auditory meatus, and part of the glenoid cavity (Figure 2. 5.1-2). Neither the 
alisphenoid canal nor a suprameatal fossa can be observed.
The distal part of the P3 alveolus is very wide, which indicates that the distal end of the 
P3 is wide. The P4 is strongly worn in the distal and occlusal area (Figure 2. 1.1-4). It displays a 
very low but robust parastyle and a paracone-parastyle crest. The protocone, which is strongly 
worn, is subconical, robust and located in line with the mesial corner of the P4. Despite this 
wear, an inflection between the protocone and parastyle is visible. There is also a concavity in 
the buccal wall between the paracone and the metastyle. The M1 is a very large tooth with a 
typical morphology of Eomellivora, with the buccal wall narrower than the lingual one. It shows 
an enormous wear facet in the paracone, in the metacone, and in the mesial part close to the 
protocone, as well as in the most distal corner of the tooth (Figure 2. 1.1-4). The mesial wear 
facet of the M1 is caused by the occlusion with the metaconid area of the m1 and the distal wear 
facet is produced by the occlusion with the m2. The stylar area is greatly enlarged. The paracone 
is conical and situated in the mesiobuccal corner. The metacone is also quite well developed, 
and is surrounded by a distal expansion. The protocone is ridge-shaped, and it is mesiolingually 
located. There exists a swollen lingual platform that completely encloses the protocone.
The right hemimandible NHMW 1977/1948/0130 comes from Gaiselberg (Lower Austria) 
and was previously described by Zapfe (1948). The fragment has a total length of 123.37 mm. 
The mandible is very short, robust and dorsoventrally deep (Figure 2. 6.1-4; Table 3). The height 
of the ramus, ventral to the m1, is 31 mm, and maximum width is 16.6 mm. The surface of 
the mandibular corpus is quite smooth, indicating some degree of alteration in its original 
Table 3. Upper and lower teeth measurements (in mm) of Eomellivora fricki (Pia, 1939). L (length) and W (Width). 
The measurements for the p2 and m2 of NHMW 1977/1948/0130 are based on its alveolus.
L W L W L W L W L W L W L W
NHMW 2016/0065/0001 24.6 17.7 14.9 22.5
NHMW 1977/1948/0130 15.1 10.8 11.5 5.7 17.9 8.7 26.5 10.5 9 5.6
m2P4 M1 c p2 p4 m1
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morphology, likely due to a process of erosion by transport. The ventral margin is convex, with 
a medial bulge ventral to the distal part of the p4 on the ventromedial margin of the mandibular 
corpus. There are two rounded mental foramina, one ventral to the p2 and another ventral to 
the distal area of the p3. The mandibular symphysis is rather vertical and stout. The preserved 
dentition comprises c, p4 and m1 and the alveoli for i2-3, p1-2 and m2. The c is robust and 
elliptical in cross section, but the tip is broken off. The alveolus of the p1 is rounded. The p2 is 
two-rooted. The alveoli for the p2 are buccolingually rotated relative to the tooth row. The length 
of its alveoli suggests a long p2. This hemimandible has no alveoli for the p3; rather, there is a 
porous surface over the mandible, indicating that the tooth was lost when the animal was alive 
and reflects a complete closure of the alveoli. The p4 is long and sub quadrangular with a slight 
distal broadening. It presents no mesial accessory cuspid. The main cuspid is well worn and is 
inclined distally toward the m1. The distal accessory cuspid is high but also worn. The distal 
cingulum is high and shows a wear facet in the distobuccal corner of the p4, resulting from the 
occlusion with the P4. The m1 is very large and well worn. The trigonid occupies two-thirds of 
the total length of the tooth and bears a buccal wear facet on the trenchant blade. Between the 
paraconid and the protoconid there is a lingual concavity at the base of the crown. A residual 
metaconid can be observed. The talonid appears to have been high; however, due to its degree 
of wear this cannot be assured. The hypoconid is in a central position. The oval alveolus for m2 
indicates a relatively large m2. It has a buccolingual constriction between the roots.
Results
The results of our cladistics analysis provide one single most parsimonious tree (Figure 3). 
Apomorphies for each node are reported in Table 4. The topology of the tree clearly indicates 
the presence of two major clades corresponding to the subfamily Guloninae Gray, 1825, and 
Mellivorinae. The clade Mellivorinae comprises the taxa E. fricki, E. piveteaui, E. hungarica, E. 
wimani, E. ursogulo, Ek. ekakeran, M. capensis and H. valentini. This clade shares among others, 
the following traits (Table 4): (1) posterior lacerate foramen and jugular foramen with separate 
openings, the jugular foramen being in a distolateral position in relation to the lacerate foramen; 
(2) rostrolateral enlargement of the mastoid process; (3) high and thick mandibular corpus; (4) 
M1 metacunule absent; (5) p2 buccolingually rotated in relation to the tooth row; (6) p4 relatively 
long, with a backward inclination of the main cuspid towards the m1; and (7) m1 hypoconid 
enlarged (8) absence of m1 entoconid or entocristid. Among the mellivorinae, our analysis 
therefore reinforces the monophyly of Eomellivora, now also represented by E. fricki (Figure 3). 
We detected a Vallesian clade of Eomellivora consisting of the Euroasiatic E. piveteaui and the 
Centro-European E. fricki which conform the sister group of the Ventian E. hungarica. These 
three taxa are allied as a sister group of the Turolian/Ventian clade comprising the Euroasiatic E. 
wimani and the East-European E. ursogulo (Figure 3). The African Ekorus is nested as the sister 
group of Eomellivora. These two mustelids are associated with the following sinapomorphies 
(Table 4): (1) straight shape of the upper incisor row; (2) position of the infraorbital foramen 
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Figure 3. Phylogenetic relationship of Eomellivora fricki within Eomellivora, and of some extinct mellivorine 
mustelids and living carnivorans. Canis lupus was the outgroup. Searches were performed by means of the Branch 
and Bound and a Bootstrap analysis through 1000 replicates. A single tree is obtained (length 172 steps, consistency 
index (CI)=0.4593, retention index (RI)=0.5811). The numbers below nodes are Bremer indices, and the numbers 
above nodes are Bootstrap support percentages (only shown ≥ 50). 
Node Character: state
A  6 (1), 11 (1), 20 (1), 32 (1), 35 (1), 40 (1), 41 (1), 52 (1), 57 (2), 58 (1), 59 (1), 62 (1), 63 (2), 64 (2), 70 (1)
B 12 (1), 13 (1), 16 (1), 22 (1); 26 (2), 27 (1), 28 (1), 42 (1), 46 (1); 48 (1), 50 (1), 56 (1)
C 2 (1), 3 (1), 11(1), 17 (1), 19 (1), 31 (1), 61 (1)
D 13 (0), 24 (1), 26 (1), 27 (0),42 (0), 54 (1), 60 (1)
E 17 (0), 30 (1), 36 (0), 69 (0)
F 32 (0), 35 (0), 50 (0)
G 14 (1), 15 (1), 38 (2), 43 (2)
H 3 (1), 7(1), 18 (1), 38 (2), 52 (0),55 (1), 65 (1), 66 (0), 67 (1)  
I 8 (0), 21 (1), 27 (1), 36 (0), 43 (0), 47 (1), 49 (0), 51 (1)   
J 23 (0), 24 (1), 25 (1), 26 (1), 28 (1), 32 (1)
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situated below the P4 parastyle; (3) P3 with a conspicuous concavity in the buccal wall; (4) 
enlarged M1 stylar area; (5) m1 hypoconid in a central position; and (6) m1 talonid without a 
basin, in which the hypoconid is orientated toward the m1 protoconid. Both Eomellivora and 
Ekorus appear as the sister group of the extant M. capensis, sharing a robust P3 with a strong 
cingulum, such as a widened p3. Howellictis valentini is placed in our tree as a primitive and basal 
mellivorine, which is in agreement with Bonis et al. (2009). The Guloninae clade (Table 4, node 
H), which in our analysis comprises M. foina, P. pennanti, G. gulo, P. crassa and I. zibethoides, 
shares among others, the following traits: (1) absence of the P3 distal accessory cusp; (2) length 
of the p2 relatively not reduced in relation to p3; and (3) m1 with an open and shallow talonid, 
with a low entocristid and a beveled lingual wall of the talonid (less marked in G. gulo). There 
is a significantly well supported node composed of Plesiogulo crassa and the living wolverine G. 
gulo. Ischyrictis zibethoides is placed in the tree as a basal Guloninae.
Discussion
Eomellivora (Hadrictis) fricki is one of the largest extinct mustelids from Europe, together 
with the gulonine Plesiogulo monspessulanus Viret, 1939, from Montpellier (France, MN14); they 
both remarkably exceed the size of the wolverine, the largest living terrestrial mustelid. Since 
Zapfe (1948), nobody has appropriately considered the giant Austrian taxon within the broader 
context of the large Miocene mustelids. Eomellivora fricki possesses a clearly Eomellivora-like 
morphology in its dentition, which relates it to the species of the genus Eomellivora (Figure 
4, 5, Table 4), more than with other extinct genera. It shares with the Eomellivora species the 
following characters: distal area of P3 thickened distally; P4 robust with a subconical protocone; 
M1 with an enlarged stylar area; M1 protocone higher than the metacone, with a lingual M1 
platform mesiodistally enlarged; p4 relatively enlarged, main cuspid noticeably inclined towards 
the m1, and the distal area of p4 thickened buccolingually with a quadrangular shape in the 
occlusal view; narrow m1 talonid with an m1 hypoconid centrally positioned and orientated 
toward the m1 protoconid. According to all the features shared, and supported by our cladistics 
results, we conclude that Hadrictis is a synonymy of Eomellivora, and we therefore named it as 
Eomellivora fricki. However, E. fricki presents several diagnostic traits that make it a valid species 
of Eomellivora, e.g., a longer dentition (Figure 6), the presence of a residual m1 metaconid and 
a stouter mandibular corpus. Due to the very early Vallesian age of the Austrian species, the 
residual m1 metaconid is considered to constitute a primitive trait, which is lost in the other 
species of the genus. Such a loss is a very common feature along the evolution of mustelids, also 
occurring in some other genera (e.g., Hoplictis, Plesiogulo or Megalictis) in which some of their 
species became more hypercarnivorous (e.g., Hendey, 1978; Harrison, 1981; Ginsburg, 1999; 










During the early Vallesian (MN9) E. fricki coexists in Central Europe with E. piveteaui, 
spanning from Europe and Turkey during the MN9-10. Both large mustelids are nested in the 
same clade (Figure 3), and share a primitive dentition, e.g., the two lack a marked concavity in 
the buccal base of the P4, which is present in the other species of Eomellivora; a M1 metacone 
not reduced, with an M1 protocone ridge-shaped and mesiolingually located, and absence of 
a mesial accessory cuspid in the p4 (Figure 4.2, 3.3 and Figure 5. 2.1-2). Nonetheless, E. fricki 
differs from E. piveteaui in a shorter mandible and in an M1 with a stronger developed metacone 
and with a larger distal platform. Eomellivora fricki from Wien XII- Altmannsdorf is the largest 
Eomellivora (Figure 6), whereas the one from Gaiselberg overlaps with the size range of the larger 
specimens from Gritsev (Ukraine), MN9, which are only known by their dental dimensions 
(Wolsan and Semenov, 1996) (Figure 6). The dental sample of Eomellivora from Gritsev is the 
largest of the genus, even more so than the sample from Batallones (Wolsan and Semenov, 1996, 
Valenciano et al., 2015), and only a complete description and figuration of these fossils could 
elucidate the relationship between the Vallesian E. fricki and E. piveteaui; this would provide 
valuable data on the intraspecific variability of Eomellivora. 
The fossil material of E. hungarica from Polgárdi 2 (MN13) is poorly preserved (Figures 
4.6 and 5. 5.1-2) and hinders comparisons with E. fricki. Both species have a large c, p4 and m1, 
showing a stout m1 talonid with a quadrangular shape in the occlusal view. Eomellivora fricki 
however, differs from E. hungarica in a much more developed M1 with a bigger M1 metacone, in 
a larger distal platform in the M1, and in the absence of a mesial accessory cuspid in the p4. Our 
phylogenetic hypothesis suggests a closer relationship between E. hungarica and the Vallesian 
clade than with the latest E. wimani and E. ursogulo (Figure 3). Eomellivora hungarica, E. fricki 
and E. piveteaui possess the subsequent characters (Table 4): (1) a non-cusp-like M1 protocone 
(synapomorphy); (2) a relatively robust p2; and (3) m1 protoconid and paraconid similar in 
height. This phylogenetic hypothesis could also be justified by the large size of the dentition and 
the apparently close morphology in the talonid of the m1 of E. hungarica and E. fricki and by 
the very similar morphology of the M1 between E. hungarica and E. piveteaui. Unfortunately, 
only a greater amount of material could clarify the systematic position of this Eomellivora from 
Polgárdi 2. 
    Figure 4. Main comparative material of the upper dentition of species of Eomellivora considered in the 
present manuscript. 1 and 7, Holotype of Eomellivora fricki NHMW 2016/0065/0001 from Wien XII-Altmannsdorf 
(Austria), MN9; 2, Eomellivora piveteaui MNHN-TRQ-1005 from type locality Yassiören (Turkey), MN9; 3, 
Eomellivora piveteaui Bat-3´13.185 from Batallones (Spain), MN10; 4, Holotype of Eomellivora ursogulo PIN-
No.268 from Grebeniki (Ukraine), MN11; 5, lectotype of Eomellivora wimani PMU-M3692 from Shangyingou 
(China), MN12-13; 6, paratype (M1) of Eomellivora hungarica MFGI-Ob-3831 from Polgárdi 2 (Hungary), MN13; 
8, cast of the holotype of Eomellivora ursogulo NHMW 2016/0085/0001 from Grebeniki (Ukraine), MN11; 9, 
Holotype of Ekorus ekakeran KNM-LT 23125 (cast), from Lothagan (Kenya), 7 m.y.a. 1-6, occlusal view, 7-9, lateral 
view. Scale bar equals 5 cm.
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Eomellivora ursogulo from Grebeniki (Ukraine), MN11 Figure 4.4 and Figure 5. 3.1-2 and 
E. wimani from Shangyingou (locality 12) (Figures 4.5 and 5. 4.1-2) and Liuwangou (locality 31) 
    Figure 5. Main comparative material of mandible and lower dentition of species of Eomellivora considered in this 
manuscript. 1.1-1.2, Eomellivora fricki NHMW 1977/1948/0130 from Gaiselberg (Austria), MN9.1.1, lateral view, 
1.2, occlusal view; 2.1-2.2, Eomellivora piveteaui Bat-3´13.230 from Batallones (Spain), MN10.2.1, lateral view, 2.2, 
occlusal view; 3.1-3.2, Eomellivora wimani PMU-M3693 from Shangyingou (China), MN12-13 (same specimen 
as PMU-M3692). 3.1, lateral view, 3.2, occlusal view; 4.1-2, Holotype of Eomellivora ursogulo PIN-No.269a from 
Grebeniki (Ukraine), MN11.4.1, lateral view, 4.2, occlusal view; 5.1-5.2, Holotype of Eomellivora hungarica MFGI-
Ob-2676 from Polgárdi 2 (Hungary), MN13.5.1, lateral view, 5.2, occlusal view. Scale bar equals 5 cm. 
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   Figure 6. Scatter diagrams of measurements (mm) of the dentition of Eomellivora and Ekorus ekakeran. 1. P4; 2. M1; 3. c; 
4. p4; 5. m1; 6. m2. Sources: WXII (Wien XII-Altmannsdorf) present manuscript; GAI (Gaiselberg) present manuscript; SH 
(Shangyingou), and LI (Liuwangou), Zdansky (1924); GRT (Gritsev), Wolsan and Semenov (1996); NO (Novaya Emetovka), 
Orlov (1948); GYÖ (Györszentmárton), Kretzoi (1965), KRF (Kern River Formation site 50), Stock and Hall (1933); CIM 
(Cimislia), Wolsan and Semenov (1996); YAS (Yassiören), Ozansoy (1965) and for P4 and M1, estimations based on pictures 
of MNHN-TRQ-1005, rather than the evidently confusing original data provided in Ozansoy (1965); WSS (Wissberg), Tobien 
(1955); RPI (Ravin de la Pluie), Koufos (2012); BAT (Batallones), Valenciano et al., (2015); LVF (Los Valles de Fuentidueña), 
Crusafont-Pairó and Ginsburg (1973) and for p2 Valenciano et al., (2015); KLF (Kalfa), Lungu (1978) and for M1 Valenciano et 
al. (2015); GRE (Grebeniki), Orlov (1948); CSA (Csákvár), Kretzoi (1942); POL (Polgárdi 2); LOT (Lothagam) Werdelin, 2003. 
The data of M. capensis are from Valenciano et al. (2016).
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MN12-13 from China are characterized by a relatively stouter dentition (Figure 6), with more 
accessory cusps and cuspids and herein they differ from the Vallesian species (E. fricki and E. 
piveteaui). Eomellivora fricki differs from the Holarctic E. wimani and the Ukrainian E. ursogulo 
in a more developed M1 metacone, in a non-cusp-like M1 protocone, in the absence of a mesial 
accessory cuspid in the p4, and by a shorter mandible. Furthermore, E. fricki differs from E. 
wimani in a weaker concavity in the buccal base of the P4 and from E. ursogulo by a single distal 
accessory cuspid in the p4, whereas E. ursogulo possesses two.
The suprageneric taxonomy of M. capensis, G. gulo and other living mustelids has been 
discussed over time (e.g. Pia, 1939; Webb, 1969; Ginsburg, 1977; Ginsburg and Morales, 
1992; McKenna and Bell, 1997; Baskin, 1998; Ginsburg, 1999). Mellivora capensis is currently 
considered to be the only living representative of Mellivorinae, and the subfamily Guloninae 
(previously referred to as Martinae) comprises the extant martens (Martes Pinel, 1972 and 
Charronia Gray, 1865), the South American tayra (Eira Smith, 1842) and the wolverine G. gulo 
(Linnaeus, 1758). The suprageneric taxonomy becomes an acute problem for the fossil forms, in 
some cases due to the fragmentary dental and cranial representations, and in others due to the 
presence of a mixture of characters shared by both subfamilies. The position of the Mellivorinae 
and the Guloninae subfamilies as a sister clade in our cladistics analysis enters into conflict 
with a previous cladistics analysis based on molecular data (e.g., Koepfli et al., 2008; Sato et al., 
2012), in which Guloninae appears as the sister group of Mustelinae (weasel and relatives) and 
Lutrinae (otters); furthermore, the position of Mellivorinae, even it is not clear, shows a more 
basal position within mustelidae than Guloninae (e.g., Koepfli et al., 2008; Sato et al., 2012). 
However, the main aim of the study involves establishing how E. fricki is related to some similar 
large Miocene mustelids, and we therefore do not attempt to resolve the systematic position of 
the whole family. 
The tree that we obtained reflects the evolutionary framework of Eomellivora proposed by 
Valenciano et al., (2015), in which Eomellivora is considered as a mellivorine. Werdelin (2003) 
noted that Ekorus, in spite of the differences in dental morphology between Eomellivora and 
Ekorus, could be in the same lineage. Our results confirm his idea and Ekorus is assigned to 
the mellivorinae subfamily. The systematic position of the medium-sized ischyrictini Ischyrictis 
zibethoides from the middle Miocene of Europe has been ambiguous. The term Ischyrictini was 
erected by Pia (1939) as a “sub-subfamily”, a group of large mustelids that included the genera 
Ischyrictis, Laphictis and Hadrictis. Subsequently, Tobien (1955) considered the Ischyrictini as 
tribu level, constituting a valid rank. Concerning different authors (Pia, 1939, Tobien, 1955, 
Webb, 1969, Ginsburg, 1977, 1999), this tribu has been assigned to Mellivorinae and Guloninae, 
with different degrees of relationship with the genera Eomellivora, Hadrictis, Hoplictis, Iberictis, 
Gulo, Laphictis, Mellalictis, Mellivora, and Plesiogulo. Additionally, Ginsburg and Morales 
(1992) suggested a direct relationship between Eomellivora and I. zibethoides, a consideration 
that is rejected on the basis of our analysis. We considered I. zibethoides as a basal guloninae 
without a sister group relationship with Eomellivora. Furthermore, the primitive dentition of I. 
zibethoides bears a resemblance to the living martens (e.g., M. foina or M. martes), with a close 
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morphology in the P4-M1 and m1, but with a bigger size and a more primitive dentition within 
the guloninae clade (e.g., presence of a distal accessory cuspid in p3, a distal accessory cuspid in 
p4 not reduced, m2 paraconid present), including some derived traits such as a high mandibular 
corpus, a robust p2, a robust P4, or an enlarged M1 stylar area. The systematic relationship of the 
wolverine-like mustelid Plesiogulo, ranging in body size from large to gigantic, is controversial. 
Some authors (e.g., Viret, 1939, Kurtén, 1970 and Kurtén and Anderson, 1980) considered it 
to be directly related to G. gulo, whereas others have seen it as a separate phylogenetic lineage 
without descendants (Zdansky, 1924, Hendey, 1978, Harrison, 1981, Xiaofeng and Haipo, 
1987; Alcalá et al., 1994, Sotnikova, 1995, Montoya et al., 2011). The morphological similarities 
between G. gulo and P. crassa, suggest a close relationship between both genera, supported by 
the synapopomorphy p2-4, which presents a strong cingula surrounding the entire tooth, with a 
thickening of the mesial and distal cristids of these teeth; as for several synapomorphies (Table 
4), the most remarkable one involves a P4 more individualized protocone, located in a distal 
position in relation to the P4 parastyle. Nonetheless, further in-depth study of additional related 
taxa (e.g., other Plesiogulo species, Iberictis, Dehmictis, Ischyritis) are likely vital with regard to 
elucidating the relationship between the living wolverine and Plesiogulo.
Conclusions
The species Hadrictis fricki from the Austrian early Vallesian localities (MN9) can be 
referred to the genus Eomellivora, and we therefore synonymized Hadrictis with Eomellivora. 
This species represents the largest one, as well as one of the most primitive Eomellivora, which 
shows the complexity of the genus, in which larger (E. fricki) and relatively smaller (E. piveteaui) 
species coexisted since the early Vallesian. For the first time, the phylogenetic analysis resulted 
in the assignation of Ek. ekakeran to the mellivorinae subfamily, and Ekorus is allied with 
Eomellivora as a sister genus. Additionally, we propose a new reassignment of some extinct 
large mustelids at the subfamily level, I. zibethoides being placed in our phylogeny as a basal 
guloninae, and P. crassa as sister to the extant wolverine.
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Appendix 1. Characters and character stages used in the phylogenetic analysis
Descriptions of new dental characters employed in the phylogenetic analyses; some of 
them were modified from Bryant et al., 1993, Wolsan 1993, Baskin, 2004 and Valenciano et al., 
(2015, 2016). 
(1) Posterior lacerate and jugular foramina: “fused” into a single foramen (0); tendency to separate openings with 
the jugular foramen distolateral to the posterior lacerate foramen (1). 
(2) Shape of upper incisor row: parabolic (0); straight (1).
(3) Position of the infraorbital foramen: above P3 (0); above P4 parastyle (1).
(4) Incisive foramen: located at the level of C (0); located at the level of the diastema I3-C (1).
(5) Mastoid process: reduced, located in dorsal view in line with the middle point of the orbit (0); enlarged, located 
laterally exceeding to the orbit (1).
(6) Relative position of the mastoid and paroccipìtal processes: relatively close (0); mastoid process located mesially 
to the paroccipital process (1).
(7) Paroccipital process: not reduced (0); reduced (1).
(8) Height of the mandibular corpus: low and thin mandibular corpus (0); high and thick mandibular corpus (1).
(9) Orientation of the I3 cusp: spreaded out laterally (0); in line with the cusps of I1-2 (1).
(10) Orientation of Canine: spreaded out laterally, with an arrangement of the tip non parallel (0); ventrally directed, 
with a parallel arrangement of the tip (1).
(11) P1. Present (0); absent (1).
(12) P2. Mesiodistal axis of P2: in line with the tooth row (0); rotated buccolingually (1).
(13) P2. Distal accessory cusp: absent (0); present (1).
(14) P2. Occlusal shape: subrectangular (0); triangular (1).
(15) P2. Buccal wall: rectilinear (0); conspicuous concavity (1).
(16) P3. Robustness ratio [(maximum width/ maximum length) x 100]: slender P3 (less than 60) (0); Robust P3 (60 
or more than 60) (1).
(17) P3. Mesial accessory cusp: reduced or absent (0); present (1).
(18) P3. Distal accessory cusp: present (0); absent (1).
(19) P3. Buccal wall: rectilinear wall (0); conspicuous concavity (1).
(20) P3. Basal cingulum: weak (0); strong (1).
(21) P4/3 length ratio. Maximum length of P4 in relation to maximum length of P3 ratio [(L P4/L P3) x 100]: less 
than 170 (0); more than 170 (1). 
(22) P4. Robustness ratio [(maximum width/ maximum length) x 100]: slender P4 (less than 60) (0); robust P4 
(more than 60) (1).
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(23) P4 protocone: low (0); knoblike (1). 
(24) P4. Protocone cingulum: weak or absent (0); prominent and complete (1).
(25) P4. Protocone: in front or anterior to the mesiobuccal corner (0); displaced distally (1).
(26) P4. Parastyle: Absent or weak (0); Strong and low (1); Strong and high (2).
(27) P4. Buccal wall: rectilinear (0); with a pronounced concavity between paracone and metastyle (1).
(28) P4. Basal cingulum surrounding the tooth: weak (0); strong (1).
(29) Relative size between maximum length of M1 and the maximum length of P4: M1 larger than or equal in size 
to P4 (values >100) (0); M1 smaller than P4 (values between 70-100) (1); M1 much smaller than P4 (values <70) 
(2).
(30) M1. Robustness ratio [(maximum width on the buccolingual area/ maximum length) x 100]: relatively robust 
M1 (from 130 to 150) (0); slender M1 (more than 160) (1), very slender M1 (more than 200) (2).
(31) M1. Stylar area: small (0); enlarged (1).
(32) M1. Metacone related to paracone: normal size (0); very reduced (1).
(33) M1. Metaconule: present (0); absent (1).
(34) M1. Enlargement of the distal base of the metaconule: present (0); absent (1).
(35) M1. Protocone position: mesolingually located (0); almost centrally on the middle of the talone (1).
(36) M1. Protocone shape: ridge-shaped (0); conical cusp-like shape (1).
(37) M1. Lingual platform: not completely enclose the protocone (0); completely enclose the protocone (1).
(38) M1. Length of the lingual wall: lesser than the buccal wall (unexpanded lingual platform) (0); longer than the 
buccal wall (moderately lingual platform) (1); much longer than the buccal wall (very expanded lingual platform) 
(2).
(39) M1. Lingual platform: oval shape (0); with a concavity in the middle point (1).
(40) p1. Present (0); absent (1).
(41) p2. Position of the mesiodistal axis of p2: in line with the tooth row (0); buccolingually rotated (1).
(42) p2. Distal accessory cuspid: absent (0); present (1).
(43) p2. Robustness ratio [(maximum width/ maximum length) x 100]: slender p2 (less than 50) (0); relatively 
robust p2 (from 50 to 70) (1); very robust p2 (more than 70) (2).
(44) p2 length compared to p3:  p2 not reduced (0); p2 reduced (1).
(45) p2-4. Basal cingula with a mesial and distal thickened cristids: cingula and cristid weaks (0); complete and 
strong cingula and cristids (1).
(46) p3. Mesial accessory cuspid: absent (0); present (1).
(47) p3. Distal accessory cuspid: present (0); absent (1).
(48) p3. Distal thickened of p3: absent (0); present (1).
(49) p4. Length ratio in relation to m1 [(maximum length p4/ maximum length m1) x 100]: from 50 to 60, indicating 
a relatively not reduced p4 (0); more than 60, indicating a p4 relatively enlarged (1).
(50) p4. Mesial accesory cuspid: absent or poorly developed (0); present, well developed (1).
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(51) p4. Distal accessory cuspid: High and well developed (0); low and reduced (1); Absent (2).
(52) p4. Backward inclination of the main cuspid: practically vertical (90º–80º) (0); with backward inclination (less 
than 80º) (1).
(53) p4, unworn principal cusp: equals or exceeds height of m1 paraconid (0); lower than m1 paraconid (1).
(54) p4. Distal area: not buccolingually thickened, oval shaped (0); buccolingually thickened, quadrangular shaped 
(1).
(55) p4. Lingual expansion or basal bulge: absent (0); present (1). 
(56) m1. Height of protoconid in relation to paraconid: protoconid higher than paraconid (0); protoconid similar 
in height than the paraconid (1).
(57) m1. Metaconid: individualized, with a moderate size (0); reduced (1); absent (2). 
(58) m1. Relative length of talonid with respect the total m1 length: the talonid 1/3 of the total length (0); equal or 
less than 1/4 of the total length (1).
(59) m1. Width talonid ratio [(maximum talonid width/ maximum width in the base of the protoconid-metaconid) 
x 100]: talonid not widened (values between 85-100) (0); reduced talonid (< 85) (1).
(60) m1. Height of hypoconid: low (0); high (1).
(61) m1. Position of hypoconid: labially located (0); centrally positioned or almost centrally positioned (1).
(62) m1. Orientation of the hypoconid: almost vertical (0); orientated towards the protoconid (1).
(63) m1. Entoconid: individualized (0); transform in an entocristid (1); absent (2).
(64) m1 talonid: closed  and deep basin (0); open and shallow basin with a low entocristid and a beveled lingual 
wall of the talonid (1); basin lost (2).
(65) m1. Shape of the hypoconid: pyramidal (0); trending to a crest-like shape (1).
(66) m1. Hypoconid size: medium (0); enlarged (1); reduced (2).
(67) m1. Hypoconulid: very reduced to absent (0); present not reduced (1). 
(68) (39) m2. Present (0); absent (1).
(69) m2 paraconid: present (0); (1) very week or absent (1).
(70) m2. Metaconid: present (0); absent (1).
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Appendix 2. Character-taxon matrix used for phylogenetic analyses  
Appendix 3. Character-taxon matrix in nexus format.
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ABSTRACT
Mustelids represent the most diverse living family of Carnivora, displaying a broad range of 
locomotor behaviors, including terrestrial, semifossorial, scansorial, arboreal and semiaquatic. 
Moreover its body mass (BM) ranges between the 0.025 kg (Mustela nivalis) and 45 kg (Enhydra 
lutris), spanning three orders of magnitude. Here we analyzed 14 long bones linear measurements 
(humerus, radius, ulna, femur and tibia) of a living sample of 192 specimens of carnivorans 
to evaluate the locomotion and BM of a sample of extinct Neogene and Quaternary large 
mustelids, procyonids and ailurids. The predictive equations generated, based on postcranial 
remains, indicate that the largest extinct mustelid could weigh up more than 200 kg, which 
means four orders of magnitude in BM for the whole family. Giantism in mustelids appears early 
in its evolutive history being represented by several independent radiations in North America, 
Eurasia and Africa through the Neogene and Quaternary. This giantism is also present in other 
musteloids, as ailurids and procyonids. Our reseach shows that several unique ecomorphotypes 
of giant musteloids evolved through the Neogene, being different from any living carnivoran 
such as the primitive Puma-sized oligobunine with terrestrial and semifossorial traits (Megalictis 
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ferox), the wolf-leopard-hyenid sized mellivorines, with hypercarnivore dentition and with 
terrestrial and cursorial traits (Ekorus ekakeran and Eomellivora piveteaui) or the black bear-
sized otters (Enhydriodontini), somewhat more terrestrial than living ones. Additionally, a new 
especific definition for giant mustelid and a more generalist definition for a giant musteloids are 
given.
INTRODUCTION
Mustelidae is the largest living family within the Carnivora, comprising 57 species of 
weasels, martens, polecats, badgers, and otters (Larivière and Jennings, 2009). It is included in the 
superfamily Musteloidea, which also comprise the families Ailuridae (red pandas), Mephitidae 
(skunks), and Procyonidae (raccoons, coatis, and relatives). The living mustelids ranging from 
small to medium size (compared to all other carnivorans), and most of them display long bodies, 
short limbs and long tails. The smallest mustelid (and also the smallest extant carnivoran) is the 
0.025 kg least weasel (Mustela nivalis) and the largest mustelid corresponds to the aquatic sea 
otter (Enhydra lutris), which can reach 45 kg, a difference of three orders of magnitude. The 
wolverine (Gulo gulo) is the largest terrestrial mustelid and weigh up to 18 kg (Larivière and 
Jennings, 2009). Mustelids are found in all continents except Antarctica and Australia and occur 
in practically all habitat types including oceans, rivers, temperate forest, tropical forest, dry 
open woodlands, tundra, steppe, and grasslands (Larivière and Jennings, 2009). They exhibit a 
wide diversity of locomotor types: terrestrial (G. gulo), semifossorial (Taxidea taxus, Mellivora 
capensis, and Meles), scansorial (e.g., Martes, Pekania pennanti, and Charronia flavigula), 
arboreal (Eira barbara), semiaquatic (e.g., Lutra, Lontra, and Aonyx), and aquatic (Enh. lutris). 
Mustelid diversity is well represented in the Neogene fossil record, in spite of the fact 
that they are among the rarest fossil carnivorans due to their usually small size, low population 
densities, and preference for forested habitats (Baskin, 1998). However, there is one group, which 
is of particular interest from an ecomorphological point of view, which has been little deliberated 
up to date: the giant mustelids (Werdelin, 1996). The fossil record of mustelids of large size is 
rather diverse, but poorly unknown, and mostly represented by fragmented craniomandibular 
remains or isolated dentition, being the individuals with associated cranial and postcranial 
bones very exceptional. This scarcity in the fossil record has limited the studies of these forms 
to mere descriptions of the fossil materials and to taxonomic studies with the exception of a 
very few studies on locomotion and body mass (BM) (e.g., Andersson and Werdelin, 2003; 
Andersson, 2004 a,b; Lewis, 2008). According to Werdelin (2003) a giant mustelid (or mustelids 
of gigantic size) is an extinct mustelid whose estimated mass is more than twice that of the largest 
living forms. The trend toward gigantism in Mustelidae has been observed in different lineages 
throughout its evolutive history, reaching sizes considerably larger than the extant wolverine. 
They have been described in different subfamilies throughout Neogene and Quaternary (eg 
Matthew, 1907, Hendey, 1978; Lambert, 1997; Koufos, 2006; Peigné et al., 2008; Geraads et al., 
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2011, Wolsan and Sotnikova, 2013, Valenciano et al., 2015, 2016): Oligobuninae — Megalictis 
(=Aelurocyon) Matthew, 1907, and Oligobunis Cope, 1879—, Guloninae (Plesiogulo Zdansky, 
1924), Mellivorinae (Eomellivora Zdansky, 1924, Ekorus Werdelin, 2003, and Hoplictis Ginsburg, 
1961), Melinae (Ferinestrix Bjork, 1970) and Lutrinae, (e.g., Enhydriodon Falconer, 1868, 
Enhydritherium Berta and Morgan, 1985, Siamogale Ginsburg et al., 1983, Sivaonyx Pilgrim, 
1931, and Torolutra Petter, Pickford, and Howell, 1991). Excluding mephitids, this tendency 
toward gigantism has also evolved recurrently in independent lineages of other Musteloidea 
such as the Late Miocene leopard-sized ailurid Simocyon Wagner, 1858 (e.g., Wang 1997, Peigné 
et al., 2005, Salesa et al., 2008) and the black bear-size procyonid Chapalmalania Ameghino, 
1908 from the Late Pliocene of South America (e.g., Forasiepi et al., 2014). Therefore, the model 
of giant musteloidea has been successful along the evolutionary history of this group and has 
appeared independently in different lineages. 
In this chapter, we mostly focus on the medium to large size mustelids because they are 
a good model for studying paleobiological aspects. In addition, we also analyze some huge 
musteloids, as the ailurid Simocyon batalleri (Viret, 1929) and the procyonid Cyonasua brevirostris 
(Moreno and Mercerat, 1891), in order to obtain a wider framework of gigantism in this clade. 
The main objective of this study is to analyze the diversity of the large size extinct mustelids 
through some linear measurements and biometric indices of living carnivorans, which allow 
us to infer their locomotion and BM, and better understand their locomotors behaviors and 
ecological roles in past communities. Likewise, based on the obtained results, we also propose 
here a new definition of the term “giant mustelid” and “giant musteloid”.
BACKGROUND
Fossil record of medium and giant musteloids analyzed
Due to the great diversity of mustelids in the fossil record, herein we only describe the 
mustelids of our sample (Figure 1). The Oligobuninae Baskin, 1998, is a endemic subfamily 
of mustelids from North America that includes the genus Megalictis, Promartes Riggs, 1942, 
Zodiolestes Riggs, 1942, Oligobunis, Brachypsalis (Cope, 1890), Parabrachypsalis Baskin, in press, 
and Floridictis Baskin, in press (Baskin, 1998, in press; Valenciano et al., 2016). Several species of 
these genera, Promartes olcotti Riggs, 1942, Zodiolestes daimonelixensis Riggs, 1942, Megalictis 
ferox (=Aelurocyon brevifacies) Matthew, 1907, and Brachypsalis sp., have been analyzed here 
(Figures 1-3). Zodiolestes daimonelixensis is a medium-size mustelid (Riggs, 1942, 1945) and 
Pr. olcotti a marten-size mustelid (Riggs, 1942, 1945) and both were recovered from the Early 
Miocene of Nebraska (Arikareen 3), North American Land Mammal Ages (NALMA), equivalent 
to European land Mammal Ages (MN1) (Baskin, 1998; Albright et al., 2008, Hilgen et al., 2012). 
Both species were categorized as semifossorial forms (Martin, 1989, Baskin, 1998). In the case of 
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Z. daimonelixensis because it was found in the burrows of the extinct beaver Paleocastor (Riggs, 
1942, 1945), even though the postcranial bones of this taxon suggest it was a terrestrial form 
(Baskin, 1998). On the other hand, the morphological traits of the postcranial remains of Pr. 
olcotti were directly associated with semifossorial behaviors.
According to the size of the head, M. ferox is a cougar-sized giant mustelid from the 
central Great Plains of the United States of America dated in 22.7–18.5 Ma (late Arikareean Ar4 
(NALMA), Early Miocene; Albright et al., 2008; Valenciano et al., 2016) (Figure 1). It shows a 
robust dentition and a massive postcranium with an inferred hunt mode of stalk and ambush 
(Hunt and Skolnick, 1996). Brachypsalis was a badger-size mustelid with a more robust dentition 
than living badgers, ranging from Early to Late Middle Miocene (early Hemingfordian to middle 
Clarendonian, equivalent to MN3-8) (Schultz, 2016) (Figure 1). Another interesting group of 
Figure 1: Stratigraphic ranges of the taxa analyzed. It is only considered the temporal range of the localities where 
the species analyzed have been found. Correlations of North American land mammal age (NALMA) based on a 
Tedford et al. (2004), Albright et al. (2008) and Hilgen et al. (2012); European Land Mammal Ages and MN Units 
(Mammal Neogene Units) based on Hilgen et al. (2012) and Morales et al. (2013). Stratigraphic ranges of the taxa 
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carnivorans are the aquatic stem pinniped Puijila darwini Rybczynski et al., 2009 from the 
Artic of Nunavut (Canada), Early Miocene, Arikareean (NALMA) equivalent to the European 
mammal zones MN1-3 (Rybczynski et al., 2009); and the primitive mustelid Potamotherium 
valletoni Geoffroy, 1833 from Montaigu-le-Blin (France, MN2) (de Bruijn et al., 1992). The 
taxonomic position of Potamotherium is highly controversial (e.g., Willemsem, 1992; Baskin, 
1998; Ginsburg, 1999; Finarelli, 2008; Sato et al., 2009) because of its convergences in dentition 
with otters and in postcranial skeleton features with phocids and otters. Here we considered it 
tentatively placed as a stem mustelid.
For the Middle Miocene of Europe, we have measured the highly derived mustelid 
leptarctine Trocharion albanense Major 1903 from Devinska Nova ves (Slovakia, MN6) (de 
Bruijn et al., 1992) and the early small-medium size lutrine Lartetictis dubia (Blainville, 1842) 
from Sansan, France, MN6 (Ginsburg, 1968; Peigné, 2012) (Figure 1). We have also measured 
the highly complete and undescribed remains of the fisher-size mustelid Sthenictis sp. (F: AM 
25235), a North American musteline from the Burge Fauna of Nebraska, Middle Miocene 
(Clarendonian, Cl 1), compared preliminary by Tseng et al., (2009), whose dentition suggests a 
hipercarnivorous diet.
The highest diversity of giant musteloids is observed during the Late Miocene, when the 
families Ailuridae (Simocyon), Mustelidae (Ekorus, Enhydriodon, Enhydritherium, Eomellivora, 
Plesiogulo, Sivaonyx, and Torolutra), and Procyonidae — Arctonasua Baskin, 1982 from North 
America, and the South American Cyonasua group (the clade containing the Late Miocene-
Pliocene Cyonasua Ameghino 1885 and the Pliocene Chapalmalania) —, developed large to 
giant forms. Cyonasua is a primitive relative of Procyon and Nasua (Baskin, 2004), and an 
important genus because it represents the first event of dispersion for the whole Carnivora into 
South America, being an early event of the pre GABI (Great American Biotic Interchange) in 
South America about 7.3 Ma (Reguero and Candela, 2011). 
   Figure 2: Anatomical views of the humeri (A-J) and femora (K-T) of the most complete specimens of 
medium-giant mustelids compared with the living wolverine (Gulo gulo) and beech marten (Martes foina). A. and 
K. Ekorus ekakeran, cast of KNM-LT 23125. A1. Left humerus, caudal view, A2. Lateral view. K1. Left femur, cranial 
view, K2. Medial view; B. and L. Megalictis ferox FMNH P12154. B1. Right humerus, caudal view, B2. Medial view, 
L1. Right femur, cranial view, L2. Medial view; C. and M. Eomellivora piveteaui Bat-3´12. 394 (right humerus) and 
Bat-3´11. 804 (left femur), C1. Caudal view, C2. Medial view, M1. Cranial view, M2. Medial view; D. and N. Living 
Gulo gulo NRM-20115498. D1. Left humerus, caudal view, D2. Lateral view, N1. Right femur, caudal view, N2. 
Lateral view; E. and O. Enhydritherium terraenovae cast of UF100000. E1. Right humerus, caudal view, E2. Medial 
view, O1. Right femur, caudal view, O2. Medial view; F. and P. Sthenictis sp. F:AM 25235. F1. Right humerus, 
caudal view, F2. Medial view, P1. Right femur, caudal view, P2. Lateral view; G. and Q. Zodiolestes daimonelixensis 
FMNH P12032. G1. Left humerus, caudal view, G2. Lateral view, Q1. Left femur, caudal view, Q2. Medial view; H. 
and R. Trigonictis macrodon UF 234500. H1. Right humerus, caudal view, H2. Medial view, R1. Right femur, caudal 
view, R2. Medial view; I. and S. Promartes olcotti FMNH P15178. I1. Right humerus, caudal view, I2. Medial view, 
S1. Right femur, caudal view, S2. Medial view; J. and T. Living Martes foina MNCN-21673. J1. Right humerus, 
caudal view, J2. Right humerus, caudal view, T1. Right femur, caudal view, T2. Medial view. Scale bar = 10 cm.
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Throughout the Late Miocene, Eomellivora, Ek. ekakeran and Plesiogulo coexisted in time 
as allopatric species in the North hemisphere and Africa (Figure 1). Eomellivora was a large 
mustelid related to the extant honey badger (Mell. capensis) that is associated with the Late 
Miocene Hipparion faunas of Eurasia, North America and Africa (e.g. Wolsan and Semenov 
1996; Morales and Pickford, 2005; Valenciano et al., 2015), and spans from the Middle to 
the Late Miocene (MN8-13). Recently Valenciano et al. (2015, accepted) reviewed the genus 
accepting 5 species; from which only E. piveteaui from Cerro Batallones, Spain (MN10, 9 Ma) 
has associated postcranial remains. We have used a wide sample of these unpublished remains 
(Figure 2-3). Eomellivora piveteaui was the most hypercarnivorous species of Eomellivora 
with a diet that could have mainly consisted of meat but also incorporating some bones. The 
enigmatic African Ek. ekakeran is only known from the Lothagan locality (Kenya), 7.4–6.5 
Ma (McDougall and Feibel, 2003) and it is known by a nearly complete individual (Werdelin, 
2003) (Figure 2-3). Its dentition suggests a very hypercarnivorous diet, probably being the most 
hypercarnivorous giant mustelid ever found. Its big size competes with M. ferox and Plesiogulo 
monspessulanus in being the largest terrestrial giant mustelid (excluding the bunodont otters). 
Another mellivorinae analyzed is Mellivora benfieldi, a very close related form to the honey 
badger. This taxon was recovered at the Mio-Pliocene locality of Langebaanweg (South Africa). 
Hendey, (1978) described very few postcranial bones of M. benfieldi, although they revealed that 
it was probably slightly bigger in size than its closest relative. 
Plesiogulo was a more common giant mustelid than Eomellivora and Ek. ekakeran, 
displaying a wide distribution in Eurasia during the Late Miocene and Pliocene (see Rook et 
al., 1991, Sotnikova, 1995; Montoya et al., 2011), reaching Africa during the end of the Miocene 
(Hendey, 1978; Haile-Selassie et al., 2004; Morales et al., 2005, 2016) and North America (being 
one of the taxa that characterizes the Late Hemphillian; Harrison, 1981; Qiu, 2003) (Figure 1). The 
species of Plesiogulo show a large to very large size, with osteological and dental characteristics 
similar to the current wolverine, and with some of its species significantly exceeding its size 
(e.g., P. monspessulanus, P. lindsayi and P. botori). The postcranial remains of Plesiogulo are very 
scarce and only are know in P. lindsayi and P. marshalli from USA (Harrison, 1981) and P. 
    Figure 3: Examples of the largest extinct giant mustelids analyzed compared with the extant Gulo gulo. 
A. Enhydriodon dikikae left humerus DIK-78-1 (housed at NME), caudal view; B. and O. Ekorus ekakeran, cast of 
KNM-LT 23125, B. Left humerus, caudal view, O. Left femur, cranial view; C. and P. Plesiogulo monspessulanus 
PQ-L 40042, C. Partial right humerus, caudal view, P. Partial right femur, caudal view; D. and N. Megalictis 
ferox FMNH P12135, D. Left humerus, caudal view, N. Left distal epiphysis of the femur, caudal view; E1 and 
E2. Megalictis ferox AMNH- 12881 right humerus, E1. Caudal view, E2. Medial view; F. Megalictis ferox FMNH 
P12154, right humerus, caudal view; G1, G2 and Q. Sivaonyx beyi TM 171-01-033. G1. Left humerus caudal view, 
G2. Medial view, Q. Fragmented left femur, cranial view; H. and R. Eomellivora piveteaui, H. Bat-3´12. 394 right 
humerus, caudal view, R. Bat-3´11. 804 (left femur) cranial view; I1. and I2. Plesiogulo marshalli F:AM 108052 left 
humerus, I1. Caudal view, I2. Medial view; J. and S. Living Gulo gulo NRM-20115498, J. Left humerus, caudal view, 
S. Right femur, caudal view; K. Enhyodrontini indet OMO L183-14 (housed at NME), right femur, caudal view. 
L. and M. Partial femurs of Enhydriodon dikikae, L. Proximal epiphysis of a left femur DIK-44-1, caudal view, M. 
Distal epiphysis of a right femur DIK-41-20, caudal view. Scale bar = 10 cm.
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monspessulanus from Langebaanweg, South Africa (Hendey, 1978) (Figure 3). 
Through the Late Miocene to the Pleistocene, otters showed a wide diversification and 
body size range in Eurasia, North America and Africa (Figure 1). The Enhydriodontini also 
known as bunodont otters is a tribe of Lutrinae (including the living sea otter Enh. lutris) 
with a dentition adapted to hard item consumption, whose main distribution in the past was 
Africa, although were also presented in Eurasia and North America (Berta and Morgan, 1985; 
Willemsem, 1992; Pickford 2007; Werdelin, 2015). They can be divided into Old World taxa 
(Enhydriodon, Enhydriodontini indeterminated, Siamogale, Sivaonyx, and Torolutra) and New 
World taxa (Enhydritherium, see Figure 2). Most of these genera (Sivaonyx, Enhydriodon, and the 
Enhydriodontini indeterminated) are represented by incomplete material (Hendey, 1978; Peigné 
et al., 2008; Lewis, 2008; Geraads et al., 2011), and their inferred style-life and locomotion range 
from terrestrial to fully aquatic (Lewis, 2008; Peigné et al., 2008; Geraads et al., 2011). These 
otters include an impressive array of African species from the Late Miocene to Late Pliocene 
(Figure 1) (Werdelin and Peigné, 2010) and some of these giant otters were among the most 
massive mustelids of all time (e.g., Enhydriodon dikikae or the indeterminated bunodont otter 
from Omo, Ethiopia) (Figure 3A, K-M). 
Moreover, during the Late Pliocene, there was a remarkably massive wolverine-like 
badger that lived in Eurasia and North America named Ferinextrix (Bjork, 1970; Wolsan and 
Sotnikova, 2013). The only skeletal remain described is a femur from the Hagerman fauna, Late 
Pliocene of Idaho, USA (Middle Blancan, 3.6-3.2 Ma), assigned to F. vorax by Bjork, (1970) 
(Figure 1). From the same fauna assemblage, it was Satherium piscinarium (Leidy, 1873), a large 
otter (Bjork, 1970) that resembles the living South American Pteronura brasiliensis (Baskin, 
1998), with sharper dentition than bunodont otters. Finally from Pleistocene it highlights the 
genus Trigonictis Hibbard, 1941 that was a marten-size North American Plio-Pleistocene taxon 
related to the living galictines (Baskin, 1998), whose most complete specimen corresponds to 
the unpublished Trigonictis macrodon (Cope, 1868) UF 234500 found in Haile 7G Florida, Early 
Pleistocene (Blancan, 1.9-2.2 Ma) (Hulbert 2010) (Figure 1-2). 
Locomotion and Body size
The order Carnivora encompasses a diverse array of locomotor behaviors, including 
terrestrial, cursorial, scansorial, arboreal, semifossorial, aquatic, and semiaquatic (Van 
Valkenburgh, 1985; Ewer, 1998; Samuels et al., 2013). Ecomorphological analyses from 
osteological measurements and limb proportions of livings carnivorans have been successfully 
used to infer the locomotor behaviors of extinct species (e.g., Gonyea, 1976; Van Valkenburgh, 
1985, 1987; Lewis, 1997; Roussiakis et al., 2001; Matheus, 2003; Roussiakis et al., 2006; Hunt, 
2009; Hunt, 2009; Meachen-Samuels and Van Valkenburgh, 2009; Samuels et al., 2013; Martin-
Serra et al., 2014; Rose et al., 2014; Fabre et al., 2015a; Ercoli and Youlatos, 2016; Tarquini et al., 
2017a). In contrast, there are few studies related to locomotion in mustelids, with the exceptions 
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of some extinct (Andersson and Werdelin, 2003; Andersson, 2004a; Schutz and Guralnick, 2007; 
Lewis, 2008) and living taxa (Holmes, 1980; Fabre et al., 2013b, 2015b; Rose et al., 2014; Botton-
Divet et al., 2016; Ercoli and Youlatos, 2016). 
The BM of an animal is one of the most important factors indicating the dietary preferences, 
predatory behaviors, and niche partitioning, and it is related to biomechanical and physiological 
demands (e.g., Schmidt-Nielsen, 1984; Damuth and MacFadden 1990; Egi, 2001; Kelt and Van 
Vuren, 2001; Figueirido et al., 2011; Fabre et al., 2013a). Body mass of fossil carnivorans can 
be estimated by several methods based either on cranial and dental measurements (Legendre 
and Roth, 1988; Van Valkenburgh, 1990) or on postcranial elements (e. g., Gingerich, 1990; 
Anyonge, 1993; Egi, 2001; Andersson, 2004b; Figueirido et al., 2011; Campione and Evans, 
2012; Churchill et al., 2015; Tarquini et al., 2017b). Estimating changes in BM in mustelid is 
biased by the fragmentary nature of the fossil record. The craniodental measurements have 
been traditionally used for calculating the BM of extinct mustelids (e.g., Baskin, 1998; Peigné 
et al., 2008; De bonis et al., 2009). Legendre and Roth, (1988) stated that the m1 area is an 
excellent predictor of BM for extant mustelids. However, given the variety of shape and length 
in the m1 within giant mustelids, estimated masses for fossil species based on this parameter 
must be treated with caution (Baskin 1998), since it can both underestimate or overestimate 
the BM. Postcranial elements are considered a more reliable BM proxy in carnivorans (and 
also in extant terrestrial mammals and reptiles), due to they support the weight of the animal. 
Thereby, estimations of BM based on proximal limb bones are generally more accurate than 
those obtained with distal elements (Fortelius, 1990; Gingerich, 1990; Anyonge, 1993; Egi, 2001; 
Andersson, 2004b; Figueirido et al., 2011; Campione and Evans, 2012). Nonetheless, predictive 
equations based on postcranial measurements to infer BM in mustelids are largely scarce. 
MATERIAL AND METHODS
Fourteen linear measurements of long bones, including humeri, radii, ulnae, femora and 
tibiae, were taken in each specimen (Figure 4), following the measurements of Figueirido et 
al. (2011). Acronyms and definitions of each measurement are listed in Table 1. The sample of 
living carnivorans includes 192 individual and comprises 1 species of Ailuridae (N=5), 5 species 
of Canidae (N=28), 14 species of Mustelidae (N=77), 2 species of Procyonidae (N=8), 2 species 
of Ursidae (N=15), 1 species of Eupleridae (N=2), 9 species of Felidae (N=35), 3 species of 
Hyaenidae (N=14) and 2 species of Viverridae (N=8) (Table 2). Since we studied the terrestrial 
carnivorans, the truly aquatic ones (Pinnipeds) are excluded of our analysis. The sample ranges 
from the small pine marten (Martes martes) to the huge brown bear (Ursus arctos) and was 
selected to encompass the breadth of ecological, morphological and size variety displaeyed by 
extant Carnivora. Such selection provides a broad framework for doing locomotor inferences 
and BM predictions, and minimises possible phylogenetic signals (Mendoza et al., 2006). All 
specimens were adults and predominantly of wild-caught origin and, when possible, an equal 
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number of males and females was 
used (Appendix 1). We also measured 
81 extinct specimens consisting of 30 
species of mustelids and one species 
of Procyonidae and also one especies 
for Ailuridae. This sample ranges 
from medium to huge size species 
from the Neogene and Quaternary 
(Figure 1) (Figures 2-3, Appendix 2). 
Given the incompleteness specimens 
of USNM-300299 Ta. taxus and 
NRM-20055073 Vulpes vulpes, they 
were excluded from the analyses in 
which all the variables were required 
(Mosimann variables, hierarchical 
cluster analysis (HCA), Discriminant 
Canonical Variate Analyses (CVA) 
and Ordinary Least Squeare (OLS) 
regressions). Additionally, we 
measured the maximum length of the 
m1, and the minimal circumference 
of the diaphysis of the humerus and 
the femur of the most completed 
extinct mustelids (Ek. ekakeran, 
Enhydritherium terraenovae, E. 
piveteaui, P. monspessulanus, Pr. 
olcotti, Sthenictis sp., T. macrodon, Z. 
daimonelixensis) in order to compare 
previous estimations based on these 
parameters with those of this study. 
Measurements were taken 
in the following collections: AHR, 
Comparative Anatomy Research 
Collection, University of South 
Carolina School of Medicine, 
Columbia, USA; AMNH, American 
Museum of Natural History, 
New York, USA; B, and BAT-1, 
Batallones-1 locality collection 
from MNCN; BAT-3, Batallones-3 
Figure 4: Graphical explanation of the measurements used for 
the locomotion and body mass analyses, illustrated on the bones 
of the living Gulo gulo. The bones are illustrated at the same size. 
For abbreviations and definitions of measurements see Table 1. A. 
Humerus, cranial view; B. Radius, cranial view; C. Radius, medial 
view; D. Ulna, lateral view; E. Femur, cranial view; F. Tibia, cranial 
view; G. Tibia, lateral view.
Definition
HTL Humerus total length
Hedml. Trl Mediolateral width of the humeral distal epiphysis
Hdml35% Mediolateral width of humeral diaphysis at 35% from thedistal end, not including the lateral supracondylar ridge
RTL Radius total length
Redml Mediolateral width of the radius distal epiphysis
Redap Craniocaudal width of the radius distal epiphysis
UTL Ulna total length
Uedap* Craniocaudal width of the ulna distal epiphysis
FTL Femur total length
Fedml Mediolateral width of the femoral distal epiphysis
Fdml Mediolateral width of the femoral diaphysis at the midshaft
TTL Tibia total length
Tedap Craniocaudal width of the tibia distal epiphysis
Tdml Mediolateral width of the tibia diaphysis at the midshaft


















Table 1. Abbreviations and descriptions of the linear measurements 




locality collection from MNCN; CTR, Carolina Tiger Rescue (North Carolina, USA) housed 
in AHR collection; F:AM, Frick Laboratory, American Museum of Natural History, New York, 
USA; FMNH, Field Museum of Natural History Chicago, Illinois, USA; IPUW, Institut für 
Paläontologie, Universität Wien, Vienna, Austria; MCZ, Museum of Comparative Zoology of 
Harvard University, Cambridge, USA; MNCN, Museo Nacional de Ciencias Naturales Madrid, 
Spain; MNCNCOMP, Comparative Anatomy Research Collection of Paleobiology department 
of Museo Nacional de Ciencias Naturales Madrid, Spain; NHMW; Naturhistorisches Museum 
Wien, Vienna, Austria; NMB, Naturhistorisches Museum Basel, Switzerland; NME, National 
Museum of Ethiopia, Addis Ababa, Ethiopia; NRM, Naturhistoriska rikmuseet, Stockholm, 
Sweden; SAM-PQL, Iziko South African Museum, Cape Town; TM, fossils from Toros-Menalla, 
CNAR (Service des collections), N’Djamena, Chad; UF, Vertebrate Paleontology Collection of 
the Florida Museum of Natural History (FLMNH), University of Florida, Gainesville, USA; 
USNM,  Smithsonian National Museum of Natural History (The Smithsonian Museum Support 
Family Species name Common name M F ? N Locomotor category R M  BM  F  BM Range  Me  R
Canis lupus Gray wolf 4 4 8 Cursorial 1 20 - 80 18 - 55 43.25 2
Lycaon pictus African hunting dog 2 2 4 Cursorial 1 21 - 34.5 18 - 26.5 25 2
Cuon alpinus Dhole 3 1 4 Cursorial 1 15 - 20 10 - 13 14.5 2
Canis mesomelas Black-backed jackal 2 2 4 Cursorial 1 5.9 - 12 6.2 - 9.9 8.5 2
Vulpes vulpes Red fox 4 4 8 Cursorial 1 4 - 14 3 - 7 7 2
Gulo gulo Wolverine 5 4 9 Terrestrial 1 11 - 18 6 - 12 11.75 3
Mellivora capensis Honey badger 2 2 4 Semifossorial 1 7 - 13 8.25 4
Taxidea taxus American badger 3 2 5 Semifossorial 1 7.6 - 8.7 6.3 - 7.1 7.42 3
Eira barbara Tayra 3 2 1 6 Arboreal 1 2.7 - 7 4.85 3
Pekania pennanti Fisher 3 2 1 6 Scansorial 1 3.5 - 5.5 2  - 2.5 3.37 3
Charronia  flavigula Yellow-throated marten 2 2 4 Scansorial 1 1.3 - 3 2.15 3
Martes foina Stone marten 2 2 4 Scansorial 3 1.1 - 2.3 1.7 3
Martes martes European pine marten 4 4 8 Scansorial 3 0.8 - 1.8 1.3 3
Meles meles European badger 3 3 6 Semifossorial 1 10 - 16 13.0 3
Enhydra lutris Sea otter 2 2 4 Semiaquatic 13 21 - 45 14 - 33 28.25 3
Pteronura brasiliensis Giant otter 2 2 4 Semiaquatic 1 26 - 32 22 - 26 26.5 3
Lontra canadensis Northern river otter 2 2 1 5 Semiaquatic 1 7.7 -  9.4 7.3 - 8.4 8.2 3
Lutra lutra Eurasian river otter 4 4 8 Semiaquatic 1 5 - 14 9.5 3
Aonyx capensis African clawless otter 1 3 4 Semiaquatic 3 10 - 21 10.6 - 16.3 14.47 3
Nasua narica Coati 2 2 4 Scansorial 1 3.5 - 5.6 4.5 5
Potos flavus Kinkajou 2 2 4 Arboreal 1 1.4 - 4.5 2.95 5
Euplerinae Cryptoprocta ferox Fossa 2 1 2 Arboreal 1 6.2 - 8.6 5.5 - 6.8 6.77 6
Civettictis civetta African civet 3 1 4 Terrestrial 1 7 - 20 13.5 7
Arctictis binturong Binturong 1 2 1 4 Arboreal 1 9 - 20 14.5 7
Ailuridae Ailurus fulgens Red Panda 2 2 1 5 Arboreal 1 3 - 6 4.5 8
Ursus americanus American black bear 2 2 3 7 Terrestrial 4 60 - 225 40 - 150 118.75 9
Ursus arctos Brown bear 3 4 1 8 Terrestrial 1 130 - 550 80 - 250 252.5 9
Neofelis nebulosa Clouded leopard 2 2 4 Arboreal 1 11 - 23 17 10
Acinonyx jubatus Cheetah 2 2 4 Cursorial 1 39 - 54 36 - 48 44.25 10
Lynx lynx Eurasian lynx 2 2 4 Scansorial 11 15 - 29 22 10
Lynx pardinus Iberian lynx 1 2 1 4 Terrestrial 10 7 - 14 10.5 10
Puma concolor Mountain lion 2 1 3 Scansorial 1 52 - 72 34-48 51.5 10
Panthera pardus Leopard 2 2 4 Scansorial 10 21- 71 46 10
Panthera leo Lion 2 2 1 5 Terrestrial 1 150 - 225 120-192 171.75 10
Panthera tigris Tiger 3 2 5 Terrestrial 11 75 - 325 200 10
Panthera onca Jaguar 2 2 Scansorial 11 37 - 121 31 - 100 72.25 10
Crocuta crocuta Spotted hyena 2 5 7 Cursorial 1 45 - 55 50 12
Hyaena hyaena Striped hyena 2 1 2 5 Cursorial 1 26 - 41 26 - 34 31.75 12








Table 2. Extant carnivoran species analyzed. BM (body mass), M (male), F (female), ? (unknown sex), N (total 
number of individuals), R (reference number), Me (BM mean), BM in kg. Source: 1=(Samuels et al., 2013); 2 = 
(Sillero -Zubiri, 2009); 3= (Lariviére and Jennings, 2009); 4= (Nowak, 2005); 5= (Kays, 2009); 6= (Goodman, 2009); 
7= (Jennings and Veron, 2009); 8 = (Wei and Zhang, 2009); 9= (Garshelis, 2009); 10 =(Sunquist and Sunquist, 
2009); 11= (Meachen-Samuels and Van Valkenburgh, 2009); 12= (Holekamp and Kolowski, 2009); 13 (this study).
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Center, Division of Mammals MSC, Suitland, USA). Additionally, some fossil measurements 
were compiled from Bjork (1970), Lewis, (2008), Peigné et al., (2008), Rybczynski et al., (2009), 
Northover (2010), Peigné, (2012) and Salesa et al., (2013). 
We followed the 
locomotor categories used 
by Samuels et al (2013) and 
Fabre et al., 2015b (Table 
3). Locomotor categories 
and BM of living taxa were 
taken from Nowak (2005), 
Garshelis (2009), Goodman 
(2009), Holekamp and 
Kolowski (2009), Jennings 
and Veron (2009), 
Kays (2009), Lariviére 
and Jennings (2009), 
Meachen-Samuels and Van 
Valkenburgh (2009), Sillero-
Zubiri (2009), Sunquist 
and Sunquist (2009), Wei 
and Zhang (2009), Samuels 
et al., (2013) (see Table 
2). The half-bound mode 
of locomotion found in 
weasels and ferrets was not 
analyzed here because of the 
absence of weasel-size taxa 
in the sample. We considered the sea otter (Enh. lutris) as semiaquatic instead of aquatic in 
order to test only one aquatic locomotor category, because there is not noticeable diferences in 
term of the linear measurements between Enh. lutris and other otters, facilitating the analysis of 
their locomotion. We calculated the Brachial Index (BI), Crural Index (CI), and Intermembral 
Index (MI), whose definitions are based on Samuels et al. (2013) and explained in the Table 4. 
According to Matheus (2003), values of the indices calculated on limb elements belong to the 
same individual. Exceptionally, the BI of G. gulo from the Gold Hill formation (Alaska, USA), 
together with the BI and CI of Pot. valletoni housed at NMB, which is a mounted skeleton were 
calculated from diferent specimens. All measurements were taken by using Mitutoyo Absolute 
digital calipers to the nearest 0.1 mm of 150 and 300 mm. For exceptionally large taxa (e.g., 
Ursus arctos and Panthera tigris) a measuring tape to the nearest 1 mm was used. Likewise, the 




Maximun radial length divided by maximun humeral 
length (RL/HL). This index indicates relative 
proportions of proximal and distal elements of the 
forelimb
Crural index (CI)
Maximun tibial length divided by maximun femoral 
length (TL/FL). This index indicates relative proportions 
of proximal and distal elements of the hindlimb
Intermembral index (IM)
Maximun lengths of the humerus and radius divided by 
maximun lengths of the femur and tibia [(HL + RL) / 
(FL + TL)]. This index indicates the length of the 
forelimb relative to the hind limb
Table 3. Locomotor categories used in this study and their definitions.
Locomotor category Definition
Terrestrial Species that spend the major part of their time on the ground, but occcasionally climb, swim or dig
Cursorial Species that regularly display rapid locomotion with bounding characterized by unsupported intervals 
Scansorial Species that spend time in both the trees and the ground without a clear preference for any of the substrates
Arboreal Species that spend the major part of their time on the trees, with active foraging in this substrate
Semifossorial Species that regularly dig to build burrows for shelter. They can also dig for foraging underground
Semiaquatic Species than spend the most of their time in water to forage, scape, and disperse




Locomotor categories of the living taxa were analyzed in order to check if there are 
statistical differences among them and to examine the relationships between long bones 
measures and locomotor behavior. To do that, we used several statistical tests — analysis of 
normality (Shapiro-Wilk W), analysis of variance (Kruskal-Wallis test), and Multivariate non-
parametric ANOVA, Hierarchical Cluster Analysis (HCA) and Discriminant Canonical Variate 
Analyses (CVA) — by means of the statistical packages PAST 3.0 (Hammer et al., 2001) and IBM 
SPSS Statistics 22 (IBM corp, 2013). 
Given that the studied sample includes a wide range of body sizes, we standardized our 
linear measurements by means of the overall bones’ size for shape comparisons. Such bones’ 
size was approximated by the geometric mean (GM), which was derived from the whole set of 
variables for each specimen. The GM (Jungers et al., 1995; Madar et al., 2002) is a size variable 
derived from the N th root of the product of N measurements. Thus, we divided the original 
linear measurements by the GM, obtaining the Mosimann shape variables (Mosimann and 
James, 1979). 
Comparisons of GM and Mosimann shape variables for each bone were depicted by means 
of bivariate plots for descriptive purposes, to show how variables change with overall bone size. 
Furthermore, the GM is usually employed as a BM surrogate when the last parameter is unknown 
(e.g. Jungers et al., 1995; Lewis, 2008). Therefore, the GM is also used in the locomotion section 
as a proxy of BM for each analyzed bones. 
We made a test of normality Shapiro-Wilk W (p>005) for the variables BI, CI and IM of 
the extant specimens. Because of these variables showed a no normal distribution, we made 
an analysis of variance with non-parametric tests (Kruskal-Wallis test, and Multivariate non-
parametric ANOVA: PERMANOVA test) to test the relationship between each morphological 
variable and the locomotor classification. 
We applied hierarchical cluster analysis (HCA) as an explorative technique in order to 
make a more accurate inference of the locomotor groups in living taxa and the most complete 
individuals among the extinct species. To do that, we used the mean of the values of each living 
taxa, using the 14 Mosimann variables. Analyses were made by means of the Ward’s method, 
using squared Euclidean distances as a measure of similarity. The HCA is the clustering technique 
most widely applied in Earth sciences (Davis, 1986), and using Euclidean distances as a distance 
measure and Ward´s method as a linkage rule produce the most distinctive groups (Güler et al., 
2002).
Finally, we used the stepwise Discriminant Canonical Variate Analyses (CVA) to force 
the classification of the extinct taxa into an established locomotor group. Mean values of 14 
Mosimann variables of each living taxa were also used in these analyses.
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Development of predictive equations for obtain the body mass
To estimate the BM of extinct mustelids, we produced predictive equations based on 
simple and multiple variable regressions of living carnivorans by IBM SPSS Statistics 22. We 
used the same fourteen linear measurements used to analyze differences in locomotion, but no 
standardized by size. These measurements (among others) were previously used by Figueirido et 
al. (2011) to estimate the BM of extinct amphicyonids based on a sample that included only living 
bears and canids. We selected these particular measurements because showed a high coefficient 
of correlation. The predictive equations obtained in our               study are based on two datasets: 
(1) one composed only of mustelids (N=76), and (2) another composed by Carnivora, including 
mustelids (N=190). We used mean values of each taxon for each variable. The mean BM for 
each living taxa is listed in Table 2. All data was log10-transformed to simplify the method 
of analysis and allow linear models to fit more accurately, normalizing the distribution and 
variance (Smith, 1993; Churchill et at., 2014; Smith, 2016). Since the purpose of these equations 
was to predict BM with a given measurement variable, the ordinary least squares method (OLS) 
of linear regression was used (Gingerich and Smith, 1984; LaBarbera, 1989; Churchill et al., 
2014). To produce the simple variable predictive equations, the log10-transformed average BM 
was regressed onto the log10-transformed average measurement variable for each taxon. To 
produce the multiple variable predictive equations, we used the stepwise methodology. 
Therefore, to calculated the BM of extinct mustelids, we used the following equation 
generated by simple OLS regressions (Eq. 1): 
Log10 BM (Kg) = B + A* X
(1)
In wich B constitutes the intercept, X conforms the linear variable taken, and A is the 
slope. 
On the other hand, estimation of extinct mustelids BM was also calculated by means of 
multiple OLS regressions, following the equation (Eq. 2): 
Log10 BM (Kg) = B0 + (A1 * X1) + (A2 * X2) + (A3 * X3) + … + (An * Xn)
(2)
B0 constitutes the intercept of the model, A1 is the slope for X1, and X1 conforms the linear 
known variable. There may be both An and Xn as number of variables comprising the model.
To assess the accuracy of each predictive equation, we compared the coefficient of 
correlation (R), the coefficient of determination (R2), the P-value and the standard error of 
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estimation (SEE). Hence, we selected the equations with higher R and R2 and lesser SEE and 
we calculated the BM of the extinct musteloids. While R and R2 are often poor indicators of 
the robustness of a predictive equation, the standard error of estimation (SEE), and the percent 
prediction error PPE (%) help to assess how accurate they are (e.g., Van Valkenburgh, 1990; 
Figueirido et al., 2011; Goodwin and Bullock, 2012; Churchill et al., 2014; Moncunill-Solé et al., 
2016; Smith, 2016). The PPE (%) represents the offset between the known and estimated body 
size value (Wu et al., 1995; Elliot et al., 2016) and is calculated using the following equation (Eq. 
3): 
PPE (%)= [(observed body size - predicted body size)/observed body size] * 100
(3)
The PPE (%) were calculated for three living mustelids with known BM (G. gulo NRM-
20115498; Ma. martes MNCN 21757; and Lutra lutra NRM-20055051), and compared the 
known sizes and the estimated body sizes. The estimated body sizes for these mustelids were 
obtained introducing the variables analyzed in the predictive equations derived from simple 
and multiple OLS regression. According to Wu et al. (1995) and Elliot et al. (2015), the PPE (%) 
indicates the directional difference of the error: positive PPE values indicate an underestimate; 
while negative values denote an overestimate. Then, we selected the equations based on the 
smallest PPE values obtained for G. gulo, since it is the largest terrestrial mustelid and the best 
model of the three taxa analyzed to infer BM in large mustelids, as well as the equations with the 




When linear measurements of the same bone are plotted together, no differences among 
locomotor groups are observed but taxa are scaled by their body size (Figure 5). The 14 linear 
measurements were standardized by its GM, thus removing size effects and allowing exclusively 
the inspection of bones shape differences (Figures 6-7).
Humerus (Figure 6A-C). Extant carnivorans distributions highly overlap when the relative 
humerus total length (HTL Mos) is plotted against the GM H (geometric mean of the humerus 
variables). The semiaquatic mustelids (excepting Aonyx capensis) and the semifossorial taxa 
(Mell. capensis and Ta. taxus) display the shortest relative length of the humeri (Figure 6A). The 
cursorial canid V. vulpes shows the longest relative length of this bone. Among the fossil taxa, 
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Pot. valletoni, Enhy. dikikae and En. terraenovae exhibit the relatively shortest and most robust 
humerus (Figure 6A-B), overlapping with the values of the large extant lutrines (Enh. lutris and 
Pt. brasiliensis). The relatively longest humerus among extinct species belongs to the Neogene 
Sthenictis sp., and Z. daimonelixensis, whose lenghts overlap with the living arboreal Ailurus 
fulgens, the scansorial Ma. martes and Puma concolor, the terrestrial Civettictis civetta, and the 
cursorial Canis lupus. 
In the bivariate plot HTL Mos vs Hdml 35% Mos (Figure 6B), it can be observed that the 
extinct mustelids with the most graceful humeri correspond to the primitive oligobunine Z. 
daimonelixensis and the musteline Sthenictis sp. Among fossil taxa, E. pivateaui show not only 
high values of Hdml 35% Mos, but also a relatively long bone, as it is the exclusive case of the 
living C. lupus (Figure 6B).
When Hedml Trl Mos is plotted against GM H, a high overlapping of the different 
locomotor modes is observed for living species (Figure 6C), having part of the cursorial taxa (e.g., 
V. vulpes, Canis mesomelas, C. lupus, Cuon alpinus and Acinonyx jubatus) relatively low values 
of Hedml Trl Mos. The extinct E. piveteaui overlaps with the last taxa and with some terrestrial 
Figure 5: Comparison between the raw variables analyzed (A) and Mosimann variables (B). A. Bivariate plot of 
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specimens of Lynx pardinus and Civ. Civetta. Ekorus ekakeran, which displays relatively higher 
values than E. piveteaui, is located close to the living hyenas. The highest values among living 
taxa correspond to the robust semifossorial Ta. taxus and Mell. capensis. Megalictis ferox, Enhy. 
dikikae and the Racholabrean G. gulo have the highest values among the fossil taxa. 
Radius (Figure 6 D-F). The total length of the radius values of extinct mustelids (RTL 
Mos) overlap with the lower half of the values of the living sample (Figure 6D), in which the 
highest values correspond to the canids V. vulpes and C. mesomelas, as well as the felid Ac. 
jubatus. Potamotherium valletoni, Pr. olcotti, T. macrodon, and M. ferox have the shortest radii, as 
well as the living otters analyzed (excepting A. capensis) and the semifossorial Meles meles, Mell. 
capensis and Ta. taxus. On the contrary, E. piveteaui, Ek. ekakeran, and Z. daimonelixensis have 
a relatively long radii, overlapping with the cursorial genera Cu. alpinus and Hyaena hyaena, the 
scansorial Pu. concolor and Martes foina and the arboreal Neofelis nebulosa. 
The Redml Mos is higher in the extinct lutrines Sivaonyx beyi and L. dubia (Figure 6 E). 
Sivaonyx beyi is located within the semifossorial taxa morphospace, close to Ta. taxus specimens. 
In the case of L. dubia Sa 4403, is situated within the semiaquatic carnivorans and Sa 807 is close 
to both the semifossorial Mell. capensis and the terrestrial Pa. tigris. The lowest values belong to 
Pot. valletoni, En. terraenovae, Sim. batalleri which are located outside of the variability of living 
carnivorans, but close to the semiaquatic ones. Otherwise this pattern between the extremes is 
opposite for the Redap Mos (Figure 6F), in which the highest values are showed by Pot. valletoni, 
En. terraenovae, Sim. batalleri (again outside of the range of variability of living carnivorans and 
higher than semiaquatic individuals). Megalictis ferox also has a high value, similar to those of 
living otters Pt. brasiliensis and Lontra canadensis. The lowest values correspond to Ek. ekarean, 
E. piveteaui, L. dubia, Si. beyi and Z. daimonelixensis (Figure 6F).
Ulna (Figure 7 A-B). When UTL Mos and GM U (geometric mean of the ulna variables) 
as well as UTL Mos and Uedap * Mos are plotted together, results reveal that large Neogene 
mustelids have a relatively short and robust ulna compared to living carnivorans (Figure 
7A-B). Eomellivora piveteaui and one specimen of Brachipsalis sp. (F:AM 144543) show the 
uppermost values of UTL Mos, overlapping with the values of the extants cursorial Crocuta 
crocuta, the terrestrial Panthera leo, and the scansorial Pe. pennanti, Panthera pardus, and Nasua 
narica. However, the lowest values of the fossil taxa belong to the lutrine En. terraenovae, the 
oligobunines Pr. olcotti and M. ferox, the galictine T. macrodon, the gulonines Plesiogulo (P. 
marshallii, P. lindsayi and P. monspessulanus) and the ailurid Sim. batalleri (Figure 7A). All these 
taxa are situated near the lowest values of the entire living sample (e.g., lutrines Lo. canadensis, 
       Figure 6: Representative bivariate plots for the Mosimann variables (Mos) and the geometric mean (GM) 
for the humerus (A-C), and radius (D-F). A. HTL Mos against GM H; B. Hdml 35% Mos against HTL Mos; C. 
Hedml Trl Mos against GM H; D. RTL Mos against GM R; E. Redml Mos against RTL Mos; F. Redap Mos against 
GM R. The black line delimites the morphospace occupied by the extinct taxa. See legend in Figure 6 for symbols 
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Lu. lutra, Enh. lutris and Pt. brasiliensis, the semifossorial Ta. taxus and Me. meles or the arboreal 
N. nebulosa and Ei. barbara). 
Consequently, an inverse pattern is observed for Uedap * Mos (Figure 7B), showing En. 
terraenovae, the highest values (similar to those of the living semiaquatic, and semifossorial 
taxa). Otherwise, both E. piveteaui and Brachipsalis sp. (F:AM 144543) display the lowest values 
among the extinct species.
Femur (Figure 7 C-G). FTL Mos plotted against GM F (geometric mean of the femur 
variables) allows differentiating semiaquatic and semifossorial (relative short femur) locomotor 
types from the rest of living carnivorans (cursorial, terrestrial, scansorial and arboreal taxa; 
relative longer femur) (Figure 7C). The extinct species Pot. valletoni, and the lutrines S. 
piscinarium, En. terraenovae, Si. beyi, display a relatively short femur, as well as the indeterminate 
African bunodont otters from Hadar and West Turkana. These taxa overlap with the values of 
living lutrines. The extinct lutrines Teruelictis riparius Salesa et al., 2013, the bunodont otter 
from Omo and Enhy. dikikae, together with the oligobunines M. ferox, and Brachypsalis sp., 
the galictine T. macrodon, the meline F. vorax, and the mellivorine E. piveteaui overlap with 
values of the extant Ta. taxus and Me. meles. The highest values (Figure 7C) correspond to the 
leptarctine Tr. albanense and the oligobunines Pr. olcotti and Z. daimonelixensis. 
Fedml (Figure 7D) is relatively enlarged in Pot. valletoni, S. piscinarium, Te. riparius, T. 
macrodon, M. ferox, and in the bunodont otter from West Turkana. Megalictis ferox shows a huge 
variability in this variable, also present in the living U. arctos. 
The Fdml (Figure 7E) is relatively enlarged in Pot. valletoni, M. ferox, the lutrines En. 
terraenovae, Si. beyi, Enhy. dikikae, and the three indeterminate bunodont otters. Contrary, Te. 
riparius and Pr. olcotti have the most graceful relative mediolateral femoral shaft (Figure 7E).
Plotting Fdlm Mos against Fedlm Mos and Fedml Mos against FTL Mos throw similar 
results (Figure 7 F-G). The bunodont indeterminate otter from West Turkana is placed within 
the living otters, and M. ferox-T. macrodon within the morphospace of Me. Meles and Mell. 
capensis. Potamotherium valletoni and S. piscinarium fall outside the morphospace observed in 
living species and both show relatively larger Fedml than the semiaquatic mustelids. The giant 
extinct otters Si. beyi, En. terraenovae, Enhy. dikikae and the bunodont otter from Omo and 
Hadar fall in an intermediate position between semiaquatic and terrestrial carnivorans, being 
Enhy. dikikae and the extremely large otter from Omo very close to the values of the living big 
cats (Pa. tigris, Pa. leo). Teruelictis riparius also fall outside the living carnivorans distribution, 
     Figure 7: Representative bivariate plots for the Mosimann variables (Mos) and the geometric mean (GM) 
for the ulna (A-B), femur (C-G) and tibia (H). A. UTL Mos against GM U; B. Uedap* Mos against GM U; C. FTL 
Mos against GM F; D. Fedml Mos against GM F; E. Fdml Mos against GM F; F. Fdml Mos against Fedml Mos; G. 
Fedml Mos against FTL Mos; H. TTL Mos against GM T. The black line delimites the morphospace occupied by the 
extinct taxa. See legend in Figure 6 for symbols and colors meaning. For abbreviations of measurements see Table 1.
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close to the semifossorial individuals. Eomellivora piveteaui and F. vorax fall within the terrestrial 
carnivorans morphospace, close to the living big cats; while Ek. ekakeran, Cy. brevirostris, and 
Brachipsalis sp. fall in the morphospace of the terrestrial and semifossorial taxa.
Tibia (Figure 7H). Scansorial taxa as Ma. martes, Ma. foina and Ly. lynx, and the cursorial 
V. vulpes have the relatively longest tibiae. Contrary, the mustelids Ta. taxus, Me. meles, Pt. 
brasiliensis, Enh. lutris, the hyena Cro. crocuta, and the ursid U. arctos display shorter tibiae. In 
general terms, the tibia of the fossil mustelids analyzed are not relatively long (Figure 7H). The 
higher values correspond to Pr. olcotti, Sthenictis sp. and Z. daimonelixensis and overlaid with 
the living arboreal Potos flavus and Ei. barbara, the terrestrial Ci. civetta, and the cursorial Hy. 
hyaena. The lowest values correspond to M. ferox, En. terraenovae and Brachypsalis sp., wich fall 
within of the distribution of semifossorial and semiaquatic carnivorans.
2. Multivariate statistical analysis
2.1. Morphometric indices
The analyzed variables BI, CI and IM did not have a normal distribution and show 
significative differences (Appendix 3). Besides, the PERMANOVA test indicates that all 
locomotor groups for the variables BI, CI and IM are significantly different (p<0.05) (Appendix 
4). BI, CI and MI results of living and extinct mustelids as well as those of the stem pinnided Pui. 
darwini, and the extinct ailurid Simocyon and the procyonid Cyonasua are compiled in Table 5. 
Figure 8 shows a bivariate plot of CI against BI, in which only the most complete extinct taxa 
are represented: Ek. ekakeran, En. terraenovae, E. piveteaui, M. ferox P. monspessulanus, Pot. 
valletoni, Pr. olcotti, Pui. darwini, S. piscinarium, Sthenictis sp., T. macrodon, Z. daimonelixensis. 
The Figure 8A and B differentiate living semiaquatic, cursorial, arboreal and part of the sample 
of both terrestrial and semifossorial taxa, being the living scansorial overlapped with the rest of 
the locomotor categories. Among the extinct taxa, S. piscinarium and Pui. darwini fall within 
the distribution of living lutrines, having S. piscinarium a BI and CI close to Lu. lutra and Pui. 
darwini to Enh. lutris and Pt. brasiliensis (Figure 8, Table 5). Potamotherium valletoni shows the 
highest values for CI, even larger than that of the extant Enh. lutris. Note that this specimen 
is a composed specimen, thereby these results must be interpreted with caution. Trigonictis 
macrodon falls within the morphospace of the scansorial carnivorans, but very close to the 
arboreal Ai. fulgens, Cryptoprocta ferox and N. nebulosa. Promartes olcotti is located close to the 
arboreal mustelid Ei. barbara and the viverrid Artictis binturong. Zodiolestes daimonelixensis falls 
between individual values of the scansorial and arboreal Pu. concolor, N. nebulosa and G. gulo 
(Figure 8A). Eomellivora piveteaui shows an intermediate value between the cursorial species, as 
Cu. alpinus, and terrestrial taxa, such as the felids Pa. leo and Ly. pardinus, as well as the viverrid 
Ci. civetta. In terms of these index E. piveteaui is the most cursorial mustelid of the whole sample 
(Figure 8, Table 5). Megalictis ferox falls very close to Ta. taxus and Ek. ekakeran is similar to the 
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uppermost values of Me. meles and Mell. capensis. However, Ek. ekakeran also falls within the 
morphospace of terrestrial and scansorial taxa. Sthenictis sp. and En. terraenovae fall outside of 
the distribution of the living taxa sample, being Sthenictis sp. close to Ch. flavigula, Pe. pennanti 
and Martes (Table 5). The BI value of En. terraenovae is similar to those of living lutrines, 
however the CI is different places this primitive lutrine outside the range of the semiaquatic 
taxa (Figure 8). 
2.2 HCA and CVA
A first explorative analysis HCA based on the average values of each taxon for the 
14 Mosimann variables yield two main clusters separating the terrestrial, semifossorial, 
semiaquatic, scansorial and arboreal taxa (A) from the cursorial species (B). HCA for living 
Taxa N Taxonomic group Locomotor category BI CI IM 
Eomellivora piveteaui  * 1 Mellivorinae 92.42 97.8 94.41
Gulo gulo 9 Guloninae Terrestrial 84.58 97.97 88.47
Meles meles 6 Melinae Semifossorial 84.06 88.71 89.04
Ekorus ekakeran * 1 Mellivorinae 83.81 89.78 91.30
Simocyon batalleri * 2 Ailuridae 83.14
Mellivora capensis 4 Mellivorinae Semifossorial 82.98 89.09 92.52
Zodiolestes daimonelixensis * 1 Oligobuninae 82.25 94.93 82.09
Sivaonyx beyi * 1 Lutrinae 82.02
Aonyx capensis 4 Lutrinae Semiaquatic 81.64 109.71 84.68
Megalictis ferox FMNH P12154 * 1 Oligobuninae 80.77 83.21 86.87
Gulo gulo (fossil) * 2 Guloninae 80.58
Taxidea taxus 5 Taxidiinae Semifossorial 80.44 82.85 100.60
Pekania pennanti 6 Guloninae Scansorial 79.12 105.98 8.61
Martes foina 4 Guloninae Scansorial 79.11 105.54 76.54
Martes martes 8 Guloninae Scansorial 79.03 108.22 76.60
Eira barbara 6 Guloninae Arboreal 78.63 91.63 83.03
Promartes olcotti * 1 Oligobuninae 78.56 90.86 85.11
Potamotherium valletoni * 1 Stem Mustelid 78,54 135.15 78.07
Charronia flavigula 4 Guloninae Scansorial 76.85 104.27 79.59
Enhydra lutris 4 Lutrinae Semiaquatic 76.61 124.44 78.34
Trigonictis macrodon * 1 Galactinae 76.27 97.08 84.86
Lartetictis dubia  * 1 Lutrinae 75.96
Puijila darwini * 1 Stem Pinniped 75.87 122.89 85.09
Sthenictis sp. * 1 Mustelinae 74.6 108.44 80.62
Enhydritherium terraenovae * 1 Lutrinae 73.75 99.32 80.99
Pteronura brasiliensis 4 Lutrinae Semiaquatic 73.09 122.52 82.26
Satherium piscinarium * 1 Lutrinae 72.42 112.09 79.14
Lontra canadensis 5 Lutrinae Semiaquatic 70.39 122.36 77.26
Lutra lutra 8 Lutrinae Semiaquatic 70.25 112.32 80.33
Teruelictis riparius * 1 Lutrinae 103.42
Megalictis ferox F:AM 25430 * 1 Oligobuninae 83.19
Cyonasua brevifacies * 1 Procyonidae 91.12
Table 5. Morphological indices of the living and extinct mustelids as well as Puijila, Cyonasua and Simocyon 
analyzed in this study. Abbreviations: N (total number of individuals), BI (Brachial index), CI (Crural index), IM 
(Intermembral index). * means extinct taxon.
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taxa (Figure 9A) and HCA including extinct and the living taxa (Figure 9B) threw similar results 
with minor differences. Most of the cursorial taxa, the semifossorial species and two hyenids are 
grouped in the subcluster A1.1, which shows a comparable level of similarity to the subcluster 
A1.2 (linked by all the semiaquatic taxa with the exception of A. capensis) (Figure 9A and B). 
The subcluster A2 is composed mostly by scansorial and arboreal taxa except for the terrestrial 
G. gulo and Ci. civetta (Figure 9A), and also by Pa. leo in the HCA with extinct mustelids (Figure 
9B). Lynx lynx and Ly. pardinus are linked in the cluster B in both HCA. Among the extinct taxa, 
   Figure 8: Bivariate plots showing the limb proportions of living carnivorans and the most complete extinct 
mustelids. Brachial Index (BI), crural Index (CI). A. Bivariate plot showing 192 extant individuals of carnivorans; 
B. Bivariate plot with the mean of each living species.
Figure 9: Hierarchical cluster analysis (HCA) based on the 14 Mosimann variables and the mean of the living 
species. A. Analysis of living taxa; B. Analysis including living taxa and the most complete extinct mustelids. See 
legend in Figure 8 for symbols and colors meaning.
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M. ferox is grouped in the subcluster A1.1, and En. terraenovae is linked with the semiaquatic 
taxa (A1.2). The subcluster A2 is composed of several subclusters in which are linked the rest of 
the fossil sample. Zodiolestes daimonelixenxis is linked within a subclaster mostly composed of 
arboreal and scansorial carnivorans. Both T. macrodon and Sthenictis sp. are linked together in 
a different subcluster within A2 than Z. daimonelixenxis, being T. macrodon clustered with A. 
capensis, and Sthenictis sp. with Cr. ferox. Promartes olcotti is grouped in another subcluster of 
A2 with arboreal, scansorial and terrestrial taxa. The late Miocene mellivorines E. piveteaui and 
Ek. ekakeran are clustered in the same subcluster within A2, together with the terrestrial Pa. leo, 
and the arboreal Ar. binturong.
The CVA obtained with the mean of the values of the living taxa (Figure 10, Table 6) 
confirms that the investigated variables provide a satisfactory discrimination between locomotor 
types (97.5% of extant taxa were correctly classified). Only the scansorial leopard Pa. pardus was 
incorrectly classified, being classified as a terrestrial taxon in this analysis. In the bivariate plot 
of the first two canonical variates (Figure 10, Table 7, Appendix 5), CV1 separates cursorial 
taxa (positive values), characterized by relatively high values of RTL, from semiaquatic species 
(negative values), categorized by relatively high values of Fedml. Semifossorial, terrestrial, 
arboreal and scansorial carnivorans show intermediate values for those variables. CV2 separates 
Figure 10: Discriminant Canonical Variate Analyses (CVA) based on 14 Mosimann variables and the mean of the 
living species. Colored ellipses delimite the morphospace occupied by each extant locomotor group. 0= terrestrial 
locomotion; 1= semifossorial locomotion; 2= scansorial locomotion; 3= arboreal locomotion; 4= semiaquatic 
locomotion; 5= cursorial locomotion. See legend in Figure 8 for symbols and colors meaning.
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clearly semiaquatic and cursorial 
taxa (positive values), defined by 
a relatively high value of UTL, 
from arboreal and scansorial taxa 
(negative values), which display a 
relatively large FTL. Both terrestrial 
and the semifossorial taxa possess 
intermediate values for those 
variables. The discriminant analysis 
(Table 8) based on the CVA classifies 
the mellivorines E. piveteaui and Ek. ekakeran as terrestrial, the oligobunines M. ferox and Pr. 
olcotti as well as T. macrodon as semifossorial, Z. daimonelixensis as arboreal, Sthenictis sp. as 
scansorial and finally the lutrine En. terraenovae as semiaquatic taxa.
Total
Terrestrial Semifossorial Scansorial Arboreal Semiaquatic Cursorial
Count Terrestrial 7 0 0 0 0 0 7
Semifossorial 0 3 0 0 0 0 3
Scansorial 1 0 8 0 0 0 9
Arboreal 0 0 0 6 0 0 6
Semiaquatic 0 0 0 0 5 0 5
Cursorial 0 0 0 0 0 9 9
fossil cases 2 3 1 1 1 0 8
% Terrestrial 100 0 0 0 0 0 100
Semifossorial 0 100 0 0 0 0 100
Scansorial 11.1 0 88.9 0 0 0 100
Arboreal 0 0 0 100 0 0 100
Semiaquatic 0 0 0 0 100 0 100
Cursorial 0 0 0 0 0 100 100
Fossil cases 25 37.5 12.5 12.5 12.5 0 100
Predicted Group Membership
Table 6. Discriminant analysis classification matrix.





CV1 10.973 53.1 53.1 0.957
CV2 6.567 31.8 84.9 0.932
CV3 1.799 8.7 93.7 0.802
CV4 0.795 3.9 97.5 0.666
CV5 0.516 2.5 100 0.583
Table 7. Discriminant analysis results. CV, canonical variable.
Taxa Group p D2 Group D2
Eomellivora piveteaui Terrestrial 0.000 31.806 Cursorial 38.903
Ekorus ekakeran Terrestrial 0.015 14.082 Semifossorial 16.860
Megalictis ferox Semifossorial 0.620 10.518 Terrestrial 19.672
Sthenictis sp. Scansorial 0.310 12.260 Arboreal 20.650
Enhydritherium terraenovae Semiaquatic 0.040 17.289 Semifossorial 29.570
Zodiolestes daimonelixensis Arboreal 0.406 5.085 Scansorial 8.306
Promartes olcotti Semifossorial 0.260 12.738 Scansorial 15.041
Trigonictis macrodon Semifossorial 0.050 16.577 Terrestrial 16.938
Predictions for fossils
1 st group 2nd group
Table 8. Classification of extinct mustelids obtained from the discriminant analysis. Abbreviations: D2, Squared 




We generated 33 predictive 
equations by OLS regression 
methods whose values of R, R2, 
P-value, SEE and coefficients 
for each model are listed in 
Tables 9-11. The most accurate 
models of these 33 equations are 
showed in the Appendix 6. The 
selected variables for simple OLS 
regressions were Log Hdml 35%, 
Log Redap, Log Fedml, Log Fdml, 
Log Tedap, and Log Tdml for both 
the Mustelidae and Carnivora 
samples. In the case of multiple 
OLS regressions, a single the model 
was generated for the Mustelidae 
sample (based on Log Fdml), and 
four models were generated by 
OLS regression multiple with the 
Carnivora sample: model 1 (based 
on Log Redap); model 2 (based on 
Log Redap + Log Fedml); model 3 
(based on Log Redap + Log Fedml 
+ Log Fdml); and model 4 (based 
on Log Fedml + Log Fdml). The 
PPE (%) for these equations is 
showed in Table 12 and the most 
accurate inferences of the BM 
of the extinct musteloids (based 
exclusively on the Carnivora 
sample) are showed in Table 13. In 
all cases, the predictive equations 
obtained based only on living 
mustelids exhibite lower values of 
robustness than those based on the 
whole sample. In addition, the sample of Carnivorans has a greater number of specimens and 
taxa, and a wider range of body sizes. Therefore, we suggest that it is more accurate to use the 
whole sample of Carnivora to infer the BM of extinct mustelids, instead of the sample conform 
only by living mustelids.
Model R R2 F Sig SEE
Log HTL 0.704 0.496 11.803 0.005 0.308
Log HedmlTrl 0.781 0.610 18.804 0.001 0.270
Log Hdml35 0.897 0.788 49.177 0.000 0.192
Log RTL 0.608 0.369 7.020 0.021 0.344
Log Redml 0.799 0.638 21.187 0.001 0.261
Log Redap 0.906 0.821 55.145 0.000 0.183
Log UTL 0.713 0.509 12.416 0.004 0.304
Log Uedap 0.831 0.691 26.814 0.000 0.241
Log FTL 0.543 0.295 5.018 0.045 0.364
Log Fedml 0.931 0.866 77.627 0.000 0.159
Log Fdml 0.935 0.874 83.616 0.000 0.154
Log TTL 0.691 0.477 10.954 0.006 0.434
Log Tedap 0.906 0.820 54.692 0.000 0.184
Log Tdml 0.909 0.826 56.776 0.000 0.181
Log HTL 0.912 0.831 182.012 0.000 0.233
Log HedmlTrl 0.935 0.873 255.383 0.000 0.870
Log Hdml35 0.961 0.924 452.146 0.000 0.156
Log RTL 0.867 0.752 112.148 0.000 0.282
Log Redml 0.950 0.902 341.235 0.000 0.177
Log Redap 0.966 0.934 524.538 0.000 0.146
Log UTL 0.891 0.793 142.091 0.000 0.258
Log Uedap* 0.892 0.795 143.556 0.000 0.257
Log FTL 0.884 0.781 131.854 0.000 0.265
Log Fedml 0.962 0.926 461.234 0.000 0.154
Log Fdml 0.958 0.919 417.989 0.000 0.162
Log TTL 0.880 0.775 127.431 0.000 0.269
Log Tedap 0.956 0.913 389.045 0.000 0.167




1 0.935 0.874 83.616 0.000 0.154
1 0.966 0.934 524.538 0.000 0.146
2 0.974 0.949 332.390 0.000 0.130
3 0.979 0.958 265.267 0.000 0.120
4 0.977 0.955 380.241 0.000 0.122
Simple OLS  
Mustelidae





Table 9. Summary of the predictive equations obtained through 
simple and multiple regression methods. Abbreviations: R, 
coefficient of correlation; R2, coefficient of determination; F, variance 
explained by the model; Sig, significance level; SEE, standard error 
of estimation. Multiple OLS Mustelidae 1 = LogFdml; multiple 
OLS Carnivora 1= LogFdml. 2= Log Redap+LogFedml. 3= Log 
Redap+LogFedml+LogFdml. 4= Log Fedml+LogFdml. Selected 
models highlighted in bold (see text for further explanation). See table 
1 for the abbreviations of the measurements.
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The obtained residuals 
for the predictive equations 
are depicted in Figure 11 and 
12. Residuals distributions 
in the histograms and the 
Normal P-P Plots suggest that 
all the predictive equations 
generated have a relatively 
normal distribution, 
indicating some possible 
outliers for Log Hdml 35% in 
the OLS regression simple, as 
indicated the high frequency 
of the standardized residuals 
close to 0 in Figure 11 A1. 
However, the scatter plot of 
the regression Standardized 
residual vs regression 
standardized predicted 
suggests than the distribution 
of the residuals is normal 
(Figure 11 A3). 
Standardized 
Coefficients
B Std. Error Beta
intercept -5.231 1.770 -2.956 0.012
slope 3.091 0.9 0.704 3.436 0.005
intercept -1.808 0.615 -2.938 0.012
slope 2.196 0.506 0.781 4.336 0.001
intercept -1.600 0.352 -4.546 0.001
slope 2.746 0.392 0.897 7.013 0.000
intercept -3.533 1.654 -2.136 0.054
slope 2.355 0.889 0.608 2.650 0.021
intercept -1.690 0.554 -3.048 0.010
slope 2.188 0.475 0.799 4.603 0.001
intercept -1.678 0.343 -4.894 0.000
slope 2.580 0.347 0.906 7.426 0.000
intercept -4.550 1.532 -2.969 0.012
slope 2.750 0.780 0.713 3.524 0.004
intercept -1.685 0.492 -3.423 0.005
slope 2.565 0.495 0.831 5.178 0.000
intercept -4.178 2.243 -1.863 0.087
slope 2.529 1.129 0.543 2.240 0.045
intercept -3.090 0.448 -6.893 0.000
slope 2.926 0.332 0.931 8.811 0.000
intercept -1.457 0.255 -5.719 0.000
slope 2.397 0.262 0.935 9.144 0.000
intercept -5.881 2.033 -2.893 0.014
slope 3.362 1.016 0.691 3.310 0.006
intercept -2.192 0.413 -5.305 0.000
slope 2.870 0.388 0.906 7.395 0.000
intercept -1.662 0.336 -4.949 0.000
slope 2.975 0,395 0.909 7.535 0.000
intercept -4.346 0.413 -10.523 0.000
slope 2.585 0.192 0.912 13.491 0.000
intercept -2.103 0.210 -10.038 0.000
slope 2.440 0.153 0.935 15.971 0.000
intercept -1.457 0.128 -11.420 0.000
slope 2.498 0.117 0.961 21.264 0.000
intercept -3.187 0.417 -7.643 0.000
slope 2.110 0.199 0.867 10.590 0.000
intercept -1.918 0.171 -11.195 0.000
slope 2.342 0.127 0.950 18.473 0.000
intercept -1.662 0.127 -13.060 0.000
slope 2.540 0.111 0.966 22.903 0.000
intercept -3.757 0.418 -8.985 0.000
slope 2.291 0.192 0.891 11.920 0.000
intercept -1.523 0.231 -6.587 0.000
slope 2.539 0.212 0.892 11.981 0.000
intercept -3.990 0.454 -8.784 0.000
slope 2.377 0.207 0.884 11.483 0.000
intercept -3.024 0.198 -15.244 0.000
slope 2.868 0.134 0.962 21.476 0.000
intercept -1.631 0.141 -11.565 0.000
slope 2.545 0.124 0.958 20.445 0.000
intercept -4.740 0.528 -8.973 0.000
slope 2.741 0.243 0.880 11.289 0.000
intercept -2.288 0.179 -12.783 0.000
slope 2.948 0.149 0.956 19.724 0.000
intercept -1.312 0.130 -10.105 0.000








   
   
   
   
   
   
   
   














































Table 10. Regression equations 
obtained from simple OLS 
regressions, including the intercept 
and the slope for each model. 
Abbreviations: B, values for the 
regression equation for predicting 
the dependent variable from 
the independent variable; Beta, 
standardized coefficients; Std. 
Error, standard error; Sig, p-value 
of the t-statistics; t, t-statistics. See 




Figure 13 shows the two most accurate predictive equation based on simple OLS regressions. 
Alternatively, we calculated the BM using the maximum length of the lower carnassial (Van 
Valkenburgh, 1990) and postcranial measurements (Campione and Evans, 2012) such as the 
PPE (%) calculated by us (see material and methods), checking these predectives formulae with 
living specimens of mustelid with known weight (Table 14). Estimations based on the length of 
the m1 for large mustelids (living or extinct) is overestimated, whereas the based on postcranial 




B Std. Error Beta
1 intercept -1.457 0.255 -5.719 0.000
slope LogFdml 2.397 0.262 0.935 9.144 0.000
1 intercept -1.662 0.127 -13.060 0.000
slope LogRedap 2.540 0.111 0.966 22.903 0.000
2 intercept -2.335 0.240 -9.735 0.000
slope LogRedap 1.439 0.359 0.547 4.005 0.000
slope LogFedml 1.299 0.407 0.436 3.190 0.003
3 intercept -2.305 0.221 -10.453 0.000
slope LogRedap 0.684 0.428 0.260 1.597 0.119
slope LogFedml 1.168 0.377 0.392 3.096 0.004
slope LogFdml 0.913 0.329 0.344 2.771 0.009
4 intercept -2.489 0.192 -12.947 0.000
slope LogFedml 1.562 0.291 0.524 5.364 0.000










Table 11. Regression equations 
obtained from multiple OLS 
regressions, including the intercept 
and the slope for each model. 
Abbreviations: B, values for the 
regression equation for predicting 
the dependent variable from 
the independent variable; Beta, 
standardized coefficients; Std. 
Error, standard error; Sig, p-value 
of the t-statistics; t, t-statistics. See 
table 1 for the abbreviations of the 
measurements.








Log Hdml35 0.897 0.788 49.177 0.000 0.192 -35.20 -11.57 +17 
Log Redap 0.906 0.821 55.145 0.000 0.183 -80.40 -55,21 -23,34  
Log Fedml 0.931 0.866 77.627 0.000 0.159 -45.72 -8.14 -3.81 
Log Fdml 0.935 0.874 83.616 0.000 0.154 +18.44 -32,71 -1,71
Log Tedap 0.906 0.820 54.692 0.000 0.184 -36.44 -24,21 -10.08
Log Tdml 0.909 0.826 56.776 0.000 0.181 -32 -11.14 +1.63 
Log Hdml35 0.961 0.924 452.146 0.000 0.156 -2.78 -6.78  +29.42 
Log Redap 0.966 0.934 524.538 0.000 0.146 -67.55 -49.86 -16.75 
Log Fedml 0.962 0.926 461.234 0.000 0.154 -38.61 -8.43 -1.11 
Log Fdml 0.958 0.919 417.989 0.000 0.162 +21.59 -13.67 +5.98 
Log Tedap 0.956 0.913 389.045 0.000 0.167 -36.13 -16 -6.69 




1 0.935 0.874 83.616 0.000 0.154 +18.44 -32,71 -1,71
1 0.966 0.934 524.538 0.000 0.146 -67.55 -49.86 -16.75 
2 0.974 0.949 332.390 0.000 0.130 -54.96 -24.32 -7.68 
3 0.979 0.958 265.267 0.000 0.120 -20.42 -11.16 +0.47 








Table 12. Models 
summary of the 
predictive equations 
obtained including 
the percent prediction 
error PPE (%). Negative 
PEE values means 
overestimated BM and 
positive values means 
underestimated BM. 
Bold means the final 
selected model to infer 
body mass in extinct 





Specimen Taxa Log Hdml35
Log 
Tdml 4
UF 254906 Zodiolestes sp. 9.67 - -
FMNH P12032 Zodiolestes daimonelixensis 6.29 8.57 9.27
FMNH P15178 Promartes olcotti 2.14 - 1.85
IPUW 7516a Potamotherium valletoni 4.70 - -
IPUW 7516b Potamotherium valletoni 7.56 - -
IPUW 7516c Potamotherium valletoni 8.42 - -
IPUW 7519 a Potamotherium valletoni - - 7.21
IPUW 7519 b Potamotherium valletoni - - 7.05
IPUW 7518a Potamotherium valletoni - 5.84 -
IPUW 7518b Potamotherium valletoni - 4.22 -
AMNH-12881 Megalictis ferox 40.64 35.78 -
FMNH P12154 Megalictis ferox 30.26 30.02 52.89
F:AM 144568 Megalictis ferox 44.22 53.99 -
F:AM 25430 Megalictis ferox - 34.77 45.78
F:AM-54079 Megalictis ferox - 31.33 44.52
F:AM- 54077 Megalictis ferox - 37.30 -
F:AM 144530 Brachypsalis sp. 16.51 - -
F:AM 144531 Brachypsalis sp. 7.54 - -
F:AM 144541 Brachypsalis sp. 18.81 - -
F:AM 144536 Brachypsalis sp. 15.75 - -
F:AM 144537 Brachypsalis sp. 13.47 - -
F:AM 144538 Brachypsalis sp. 26.11 - -
F:AM 144539 Brachypsalis sp. 13.65 - -
F:AM 144540 Brachypsalis sp. 16.23 - -
AMNH-27424 Brachypsalis sp. 13.69 - 19.86
F:AM 144533 Brachypsalis sp. - - 10.07
F:AM 144534 Brachypsalis sp. - 14.27 -
F:AM 144546 Brachypsalis sp. - 16.95 -
F:AM 144544 Brachypsalis sp. - 14.73 -
F:AM 144545 Brachypsalis sp. - 27.44 -
F:AM 144570 Brachypsalis sp. - 17.93 -
NHMW 
1976/1818/0002 Trocharion albanense 2.35 - -
NHMW 
1976/1818/0003 Trocharion albanense - - 2.27
NHMW 
1976/1818/0005 Trocharion albanense - 2.08 -
AMNH-25235 Sthenictis sp. 6.45 9.72 7.97
BAT-1´05.C8-22 Simocyon batalleri 31.54 - -
B-2390 Simocyon batalleri 41.37 - -






Eomellivora piveteaui 45.50 41.03 -
BAT-3´12. 394 Eomellivora piveteaui 36.62 - -
BAT-3´11. 902, BAT-
3´11. 804 Eomellivora piveteaui - - 37.23
KNM-LT 23125 Ekorus ekakeran 42.53 40.39 50.54
RO-4689, RO-4731, 
RO-4721 Teruelictis riparius - 2.70 3.38
PQ-L 41523 Sivaonyx hendeyi - - 40.85
FMNH P 14342 Cyonasua brevifacies 27.71 33.60 28.18
F:AM 108052 Plesiogulo marshalli 21.82 - -
F: AM 67650A Plesiogulo marshalli 22.24 - -
PQ-L 40042 Plesiogulo monspessulanus 37.70 40.13 -
UF 100000 Enhydritherium terraenovae 18.92 14.52 25.74
DIK-78-1 Enhydriodon dikikae 147.76 - -
DIK-41-20 Enhydriodon dikikae - - 130.42
Al 166-10 Huge otter (Not assigned) - - 146.47
OMO L183-14 Huge otter (Not assigned) - - 245.42
KNM-WT 37400 Huge otter (Not assigned) - - 110.08
USNM 23266 Satherium piscinarium - 47.22 18.90
AMNH 89785 Ferinestrix vorax - - 29.58
UF 234500 Trigonictis macrodon 3.91 4.29 4.02
F:AM 117088 Gulo gulo (Rancholabrean) 19.77 - -
F:AM 117886 Gulo gulo (Rancholabrean) - - 9.18
OLS simple
Table 13. Estimated body masses for 
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Locomotion of extant carnivorans
Morphology of the extremities is vital in all vertebrates, in order to access and manipulation 
of food sources, move in their home range, search for mates, and scape from predators or pursue 
their prey (Ewer, 1998). Carnivorans have a wide array of locomotor types, including aquatic 
taxa represented by pinnipeds (seals, sea lions, walrus, and relatives) and the sea otter (Enh. 
lutris). Consequently, carnivorans — excluding Pinnipeds — have been classified as terrestrial, 
cursorial, scansorial, arboreal, semifossorial, and semiaquatic, and they are skillful runners, 
climbers, diggers, and swimmers (Samuels et al., 2013). Therefore, the approach that we have 
made is based on a generalization about main locomotor groups, allowing us to infer types of 
locomotion in extinct species. Besides, our interpretations are based exclusively on measures 
of the long bones, not taking into account the rest of the postcranial skeleton, which is an 
oversimplification for making inferences. 
The living cursorial carnivorans are characterized by distal elongation of the limbs 
(including metapodials), graceful limb bones, elevated foot posture, and muscle insertions close 
to joints (e.g., Howell, 1944; Gambarayan, 1974; Hildebrand, 1985 Van Valkenburgh, 1987; 
Samuels et al., 2013). These characteristic features are shown in our Mosimann variables results 
of RTL, UTL, TTL, and consequently the highest values for BI and IM (which are close to 100) 
(Figures 6-8). In these results, cursorial taxa show larger distal bones of their limbs than the 
other carnivorans. They also have shorter Hedml Trl, Redap, Redml, Uedap*. Living hyenas 
conform a different patron within cursorial carnivorans because of his extremely long radius 
(relatively longer in Hy. hyaena) and short tibia, and by their greater values in those variables 
that represent bone widths (e.g. Redap , Redml, Uedap*, Fedml, and Fdml) compared with other 
cursorial groups (canid and felid) analyzed here. Moreover these differences are reflected in the 
HCA analysis, in which both Cro. crocuta and Parahyaena brunnea are placed in the subcluster 
A.1.1 (Figure 9), probably reflecting some degree of phylogenetic signal not shared with Hyaena. 
Terrestrial (also named ambulatory) carnivorans are capable of many different types of 
locomotion, but are not adapted for any one in particular as Samuels et al., (2013) pointed out. 
Most of the terrestrial taxa analyzed here are medium to very large sized (e.g., wolverine, lion, 
tiger and brown and black bears) and these species are capable of climbing, swimming, and 
digging without any particular morphological specialization. In both the bivariate plots and CVA 
       Figure 11: Residuals derived to the simple OLS regression analysis. A1-3. Residuals obtained from the 
OLS regression (Carnivora sample) and the variable Hdml 35%; B1-3. Residuals obtained from the OLS regression 
(Carnivora sample) and the variable Tdml; A1, B1. Histograms of the residuals; A2, B2, Normal P-P Plots of the 
residuals; A3, B3, Bivariate plots of the regression standardized residuals against regression standardized predicted 
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results, the morphospace of terrestrial 
carnivorans overlaps with those of 
other groups (semifossorial, scansorial 
and with some cursorial and arboreal 
taxa) (Figures 6-10). These results are 
consistent with the observations of 
several authors (e.g. van de Graaff, 
Harper and Goslow, 1982; Taylor, 
1989; Schutz and Guralnick, 2007; 
Samuels et al., 2013) who categorized 
terrestrial carnivorans as ancestral 
and unspecialized.
Otters compose the semiaquatic 
taxa only analyzed here. Nevertheless 
other mustelid of small size as the 
mustelines Mustela lutreola and 
Novison vison are traditionally 
interpreted as semiaquatics (Larivière, 
and Jennings, 2009), but, these taxa 
were not included in our analyses. 
Semiaquatic species are generally 
characterized by relatively enlarged 
humeral and femoral epicondyles, 
enlarged olecranon processes, femoral 
shortening, enlarged tibial tuberosities, 
and elongated metatarsals (Schutz and 
Guralnick, 2007; Samuels et al., 2013; 
Botton-Divet et al., 2016). Otters 
swim using concurrent paddling of 
the pelvic limbs, complemented by 
dorsoventral ondulation of the spine 
(Schutz and Guralnick, 2007; Samuels 
et al., 2013). The semiaquatic taxa are 
well differentiated in the bivariate 
plots of Mosimann variables, BI vs CI, 
      Figure 12: Residuals derived to the multiple OLS regression analysis. A1-3. Residuals obtained from 
the OLS regression (Mustelidae sample), model 1; B1-3. Residuals obtained from the OLS regression (Carnivora 
sample), model 4. A1, B1. Histograms of the residuals; A2, B2, Normal P-P Plots of the residuals; A3, B3, Bivariate 
plots of the regression standardized residuals against regression standardized predicted values of the residuals. See 
Table 9 for the variable of each model.
Figure 13: Simple ordinary least squares (OLS) regressions between 
the two more accurate predictive variables in Carnivora (N=190). 
A. Bivariate plot showing the relationship between log body mass 
and log Hdml 35%; B. Bivariate plot showing the relationship 
between log body mass and log Tdml and. See legend in Figure 8 
for symbols and colors meaning.
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the HCA and the CVA (Figures 6-10). Despite of the fact that otters have the highest values of 
CI among carnivorans, they do not display a relatively elongated tibia. The high values of CI 
are consequence of the possession of a short femur. A short femur brings the paddling limb 
closer to the body, and thus reduces induced drag during the recovery stroke (Samuels and Van 
Valkenburgh, 2008; Samuels et al., 2013). Moreover, the robustness of the long bones and the 
relatively larger epiphysis of the otters (e.g., high values of Redap Mos, and Fedm Mos) may 
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Circunference BM PPE (%)
Gulo gulo NRM 
20115498
23.21 / This 
manuscript 51.59 -248.57 43 40
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Table 14. Estimated body masses through dental and postcranial remains, including the percent prediction error 
PPE (%) calculated for 3 living mustelids. Abbreviations: Lm1, length m1 (in mm); BM, body mass (in kg); Min, 
minimum; H, humerus, F, femur. Min. circumference in mm.
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be related to the improving of joints stabilization by an increase of the load transfer surface 
(articular surfaces) as well as postural changes (Biewener 1983; Doube et al. 2009; Fabre et al., 
2013a; Samuels et al., 2013; Botton-Divet et al., 2016). Note that in all cases the values obtained 
in our results for the African clawless otter (A. capensis) fall in the border of the variability range 
showed by otters, and close to terrestrial or even semifossorial and scansorial taxa. These results 
may indicate a lesser degree of semiaquatic specialization in A. capensis. Perrin and Carugati 
(2001 a,b) and Angelici et al., (2005) observed that A. capensis is less linked to water bodies than 
other otters (e.g., Lutra maculicollis). This has been also corroborated partially by Lewis (2008). 
She performed a very complete analysis of the femur shape of extant and extinct mustelids, 
focusing on living and extinct giant otters. She demonstrated that the proximal epiphysis of 
the femur of A. capensis was more similar to that of Me. meles than to those of other lutrines, 
but similar to Enh. lutris at the distal end. Our results seem to reflect a lesser degree of aquatic 
specialization in A. capensis; which is congruent with the remarkable long trips, from overland 
to isolated dams, that this otter frequently makes, and that support the idea that A. capensis is 
highly capable of moving far and fast when it is out of the water (Kruuk, 2006).
Carnivorans with semifossorial abilities dig via scratch-digging, which requires that most 
of the effort and force of excavation is generated by adduction and abduction of the forelimb; the 
claws breaks the soil, and the hindlimb is used mainly for pushing away the released soil out of 
the burrow (e.g., Wagner, 1976; Taylor, 1989; Nowak, 2005; Schutz and Guraznik 2007; Samuels 
and Van Vankenburgh, 2008; Samuels et al., 2013; Rose et al., 2014). Our sample of semifossorial 
carnivorans is composed merely of Me. meles, Mell. capensis and Ta. taxus, but must be noted 
than other carnivorans could be classified also as semifossorial, especifically the mustelids 
Melogale (Helictidinae) and Arctonyx (Melinae), all the mephitids and Suricata (Herpestidae). 
These taxa were not included in this study due to their small size (mephitids and Suricata) and 
to the difficulty of finding a representative and complete sample of Melogale and Arctonyx in 
museum collections. The semifossorial carnivoran analyzed show strong and short long bones 
(e.g., low values for HTL Mos, relatively medium to low values for RTL Mos, UTL Mos and TTL 
Mos, and the highest values for Hedml Trl Mos and Redml Mos) and results are consistent with 
those previously published (Schutz and Guraznik 2007; Fabre et al., 2013a, Samuels et al., 2013; 
Rose et al., 2014). 
In general terms, results (Mosimann variables, BI, CI and CVA) obtained for Me. meles 
and Ta. taxus reflect a possible increasing in adaptation to dig than in the case of Mell. capensis, 
whose values are closer to the terrestrial individuals (Figures 6-8). This is in agreement with 
Rose et al. (2014), who demonstrated that Mell. capensis has relatively less fossorial abilities than 
Ta. taxus and Me. meles. Likewise, Rose et al. (2014) indicated that semifossorial forms usually 
have a robust humerus to resist high bending loads engendered by muscle forces and frequent 
digging activity. This can be observed in our plot HTL Mos vs Hdml 35% Mos (Figure 6B), which 
inform about the level of robustness of the humerus and coincide with the results obtained by 
Rose and colleagues. The highest values of the semifossorial forms correspond to Me. meles and 
Ta. taxus and may reflect their wide burrowing habits. Otherwise, the less-specialized digging 
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Mell. capensis shows lower values.
Many carnivorans readily climb, some forage on vegetation and fruits in trees (e.g., 
red pandas: Ailurus, and kinkajou: Po. flavus) and others actively hunt in trees (e.g., clouded 
leopards: N. nebulosa, and fossa: Cr. ferox) (Samuels et al., 2013). Previous studies have found 
adaptations that facilitate climbing, involving elongate and gracile limbs with articulations 
allowing a greater mobility of the limb, including a ulna with a short olecranon, a rounded 
radial head and a marked expansion of the lesser trochanter of the femur (e.g., Cartmill, 1985; 
Heinrich and Biknevicius, 1998; Argot, 2001; Sargis, 2002a,b; Schutz and Guraznik 2007; Wright, 
2007; Samuels and Van Valkenburgh, 2008; Samuels et al., 2013 Fabre et al., 2015b). Scansorial 
and arboreal carnivorans are characterized by having intermediate morphology, but arboreal 
carnivorans display relatively elongate digits with equal claw lengths on the manus and pes (e.g., 
Hildebrand, 1978; Van Valkenburgh, 1987; Samuels et al., 2013). 
Several of these traits cannot be tested here with the variables used (e.g., length of the 
olecranon, the relatively reduction of the lateral epicondyle of the humerus and the length of 
the phalanges). Herein, the difference between scansorial or arboreal taxa is very diffuse in our 
results. In general terms, both locomotor categories show similar values and overlap with the 
majority of the taxa (excluding cursorial and semiaquatic carnivorans). Arboreal and scansorial 
carnivorans are characterized by the possession of a relatively long humerus (HTL Mos) and a 
relatively long femur and tibia (FTL Mos and TTL Mos) (Figures 6-8). Arboreal species show a 
lesser BI than scansorial forms, which reflects a relatively longer HTL in the former group.
Body mass of extinct musteloids
Because teeth are more abundant than postcranial remains in the fossil record, vertebrate 
paleontologists tend to use them in predictive equations to estimate BM using regularly the 
equations generated by Legendre and Roth, (1988) and Van Valkenburgh (1990). Specifically, 
the predictive equation of Van Valkenburgh (1990) based on the length of the m1 comprise the 
most used method to obtain the BM of extinct mustelids (e.g., Baskin, 1998; Wesley-Hunt, 2005; 
Peigné et al., 2008; De bonis et al., 2009; Lyras et al., 2010; Geraads et al., 2011). Even though the 
equation of Van Valkenburgh (1990) possesses a high mean value of PPE for the m1 of Mustelidae 
(45%). Nevertheless, as our results demonstrate, this formula highly overestimates BM of extinct 
taxa with long m1. After testing the error of the predictive equation of Van Valkenburgh (1990) 
for taxa with large m1, we obtained overestimations of 248 % for one specimen of G. gulo, 
91.98% for one specimen of Ma. martes and 10.64 % for one specimen of Lu. lutra (Table 14). 
These results suggest that BM of taxa with large m1 is strongly overestimated. This fact supposes 
a bias to obtain the BM in giant mustelids because several taxa have relatively long m1s (e.g., 
Eomellivora, Ferinestrix, and Plesiogulo). On the other hand, BM is underestimated in extinct 
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giant taxa with relatively reduced m1s (e.g., Ek ekakeran and Megalitis). This problem was 
already suggested by Baskin (1998), who stated that estimations of BM for fossil species based on 
dentition must be treated with caution. Also very recently Tarquini et al., (2017b) demostrated 
the same for extinct procyonids. Therefore we strongly recommend not using the m1 length as a 
BM proxy for large mustelids when postcranial remains are available. Moreover, the postcranial 
elements are considered as a more reliable BM proxy in extant terrestrial mammals (including 
carnivorans) and reptiles, due to they support the weight of the animal, being predictions of BM 
based on the proximal limb bones generally more accurate than those using distal limb elements 
(Fortelius, 1990; Gingerich, 1990; Anyonge, 1993; Egi, 2001; Andersson, 2004b; Figueirido et al., 
2011; Campione and Evans, 2012; Tarquini et al., 2017b). 
Because of the fragmentary nature of the postcranial remains of medium-large size 
mustelids in the fossil record, we have developed predictive equations that allow estimating the 
BM based on fragmentary material (Table 13). Our multivariate approaches are more accurate 
than the single one, and they show low PEE (%) for the wolverine, constituting a good model for 
extinct giant mustelids. While single variable predictive equations are frequently used for body 
size estimation, multivariate approaches can significantly improve estimates by incorporating 
the size-related variation of multiple measurements (Mendoza et al., 2006; Churchill et al., 
2014). Campione and Evans (2012) found a highly-correlated relationship in extant terrestrial 
mammals and reptiles between the minimum proximal limb bone circumference (humerus and 
femur) and the BM. Although their equation has a mean PEE (%) of 25.6, after obtaining the PEE 
(%) for the three mustelid with known weight, our obtained values result very similar than those 
published by Campione and Evans (2012) (Tables 12 and 14). Both PPE (%) values are lower 
than other predictive equations based on postcranial bones (e.g., Anyonge, 1993). Therefore, our 
predictive equations complement those of Campione and Evans, (2012), although it is easier to 
take our measurements, than the minimum circumferences for the humerus and femur used 
by Campione and Evans (2012). Additionaly, our predictive equation derived by multiple OLS 
regressions is very accurate to infer the BM by using only the distal epiphysis of the femur.
Extinct musteloids: locomotion and body mass
The Oligobuninae is an endemic subfamily of small to very large stem mustelids from North 
America during the Arikareean through Barstovian time (late Oligocene to middle Miocene) 
(Baskin, 1998; Valenciano et al., 2016). The biggest radiation of this subfamily corresponds with 
the “cat gap”, a period of time in North America from the late Arikareean to early Hemingfordian 
(25 to 17 Ma) characterized by the absence of Nimravidae and Felidae (Hunt and Joeckel, 1988; 
Van Valkenburgh, 1991). During this interval, hypercarnivorous amphicyonids, ursids, canids, 
and mustelids occupied the cat niche (Baskin, in press). The oldest oligobunine of the sample 
correspond to Pr. olcotti and Z. daimonelixensis, both of Arikareen 3 age (equivalent to the 
European MN1) from Nebraska (Figure 1). 
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Both Zodiolestes (Z. daimonelixensis and Zodiolestes sp. from Florida) have an inferred BM 
of c.a. 9 kg (Table 13). This is a larger weight than the arboreal Cr. ferox or the stouter Ta. taxus 
and similar to the average values of the cursorial C. mesomelas and the semiaquatic Lu. lutra 
Figure 14: Illustration showing the early Miocene oligobunine Zodiolestes daimonelixensis remains (FMNH 
P12032) inside of a Daimonelix burrow found in Nebraska, USA. A. It is interpreted that the Daimonelix burrow 
was produced by the beaver Paleocastor fossor (illustration courtesy of National Park Service, USA); B. Sectional 
view of Daimonelix burrow spiral, showing the skeleton of Zodiolestes daimonelixensis as it was found, coiled and 
embedded in the sandy mass of the spiral (original negatives from 1907 at FMNH CSGEO20494 and CSGEO20498, 
copyright FMNH); C. Skeletal remains of Zodiolestes daimonelixensis after restoration (modified from Martin, 
1989). Original about 25 cm high at the shoulder. 
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(Table 2). Limb proportions indicate scansorial or arboreal locomotion for Z. daimonelixensis 
(Figures 2 G1-2, Q1-2 and 8). In the HCA analysis, Z. daimonelixensis is nested with arboreal 
taxa (such as Po. flavus, N. nebulosa and Ai. fulgens) and the discriminant analysis classified 
it also as an arboreal carnivoran (Figures 9-10). Our results for Z. daimonelixensis suggest 
that this taxon would probably be an arboreal species, which is not congruent with previous 
studies. Martin (1989) classified Z. daimonelixensis as semifossorial because was found in the 
burrows of the extinct beaver Paleocastor (Riggs, 1942, 1945) (Figure 14), suggesting it was 
likely a predator of the burrowing beavers (such as happen with the black-footed ferret and 
the prairie dog nowadays). Posteriorly, Baskin (1998) suggested that Z. daimonelixensis could 
be a terrestrial rather than semiffossorial taxon. Due to its graceful postcranium and because 
any semifossorial signal has been observed, we suggest that it would be more probable that Z. 
daimonelixensis had an arboreal locomotor pattern. The presence of the mustelid inside the 
burrow could be explained by an occasional hunting or even an occasional refuge. Note that 
Z. daimonelixensis has a very long tail, very similar to living arboreal species as Cr. ferox or the 
mustelids Ei. barbara and Ch. flavigula, and different to any semifossorial taxa (whose tails are 
notably short) (Figure 14). In addition, Z. daimonelixensis was found coiled in a rest position as 
living dogs do when they are sleeping, which may indicate that this individual was sleeping when 
died embedded in the sandy mass of the spiral. A future in depth study of the whole available 
postcranial remains will help to clarify its locomotion. Cranial, dental and one humerus (UF 
254906) of an oligobunine from Miller site, Florida, USA, (early Hemingfordian, c.a. 19 Ma) was 
preliminary assigned to Zodiolestes sp. by research from UF. The relatively short humerus UF 
254906 overlapped in our analysis with living semifossorial individuals. It is more robust and 
clearly different than that of Z. daimonelixensis (Figure 6a-c). The inferred locomotor pattern for 
this taxon is semifossorial and fit notably better with the recently described new genus and new 
sp. of oligobunine Floridictis kerneri Baskin, (in press) from Miller site.
Promartes olcotti (Figure 2E1-2, S1-2) constitutes the smallest oligobunine known. The 
BM inferred is about 1.89 kg, being intermediate between the living martens Ma. foina and Ch. 
flavigula (Tables 2 and 13). It possesses a relatively long humerus, a relatively long Redap Mos, 
a short RTL Mos, and a relatively long femur and tibia, indicating a mixture of traits between 
scansorial and semifosorial taxa. Their proportions (BI and CI) indicate a scansorial or arboreal 
locomotion (Figure 8). The HCA analysis nested this species together to G. gulo, Ei. barbara and 
Pa. pardus, all of them taxa with scansorial abilities (Figure 9). However some traits, such as the 
enlarged medial epicondyle of the humerus, indicate a semifossorial behavior. The enlargement 
of the humeral medial epicondyle is a very common feature in semifossorial taxa, and it increases 
the areas of origin for the manual and digital flexors (muscles flexor digitorum profundus, flexor 
carpi ulnaris, flexor carpi radialis, and palmaris longus) and the forearm flexing muscle pronator 
teres (Davis, 1964; Samuels and Van Valkenburgh, 2008; Samuels et al., 2013). Moreover the 
discriminant analysis classified it as semifossorial taxon as the first predicted group and within 
the scansorial group as the second predicted group (Table 8). Therefore according the traits 
analyzed above we are more confident to infer Pr. olcotti as scansorial with abilities to dig than 
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to classified it only as a semifossorial taxon.
Megalictis ferox (=Aelurocyon brevifacies) represents the largest oligobunine known 
(Valenciano et al., 2016). It lived in the Early Miocene during the late Arikareean Ar4 (22.7-
18.5 Ma) in the Central Great Plains of North America (Hunt and Skolnick, 1996; Valenciano 
et al., 2016) (Figure 1). Valenciano et al. (2016) estimated based on cranial measurements, that 
M. ferox was a jaguar-sized giant mustelid, and the largest terrestrial mustelid known up to 
date. More specifically, the holotype of this species, AMNH 12880, was the largest terrestrial 
mustelid recognized in that study. However, none complete skull of the huge Pliocene bunodont 
otters (which possesses the largest postcranial remains) has been found that allow making direct 
comparisons with the cranial size of this oligobunine. The results obtained here, indicate that M. 
ferox was a wolf size mustelid, ranging from 30.02 to 53.99 kg, a BM close to the mean values of C. 
lupus (43.25 kg). Some specimens (FMNH P12154 see Figure 2B1-2 and I1-2 and F:AM 144568) 
display an estimated BM analogous to the mean of the mountain lion (Pu. concolor) (Tables 2 
and 13). FMNH 12135 (Figure 3D and N) conforms the largest specimen of M. ferox. Due to 
the very fragmentary postcranial remains, it is not possible to estimate its BM with our more 
accurate formulas. Nevertheless, we estimated its BM following our predictive equation based 
on the OLS regression simple (Carnivora sample) with the measurement of Fedml, obtaining a 
corrected weight (after applying the PEE% of G. gulo) of 66.67 kg (Tables 2 and 12, and Appendix 
6), which is a value comparable to the largest males of Pu. concolor. Even this gigantic specimen 
is not the largest mustelid known (see below). Megalictis ferox possesses bone proportions very 
similar to the extant American badger (Ta. taxus) and the jaguar (Panthera onca) (Figures 8 and 
9b). It shows a relatively short humerus, radius, and tibia, a long Hedml Trl Mos, and a very long 
Redap Mos and Fedml Mos (Figures 6-7). For some variables, e.g., Fedml Mos (Figure 7D), this 
taxon has a great range of variation among different specimens. A similar range of variation is 
found in the living U. arctos including both small specimens and giant specimens (grizzly bear 
U. arctos horribilis). Megalictis ferox is classified by the discriminant analysis as a semifossorial 
and terrestrial (as the second predicted group) form (Table 8). These results are congruent with 
the previous study of Hunt and Skolnick (1996). They postulated that M. ferox had an inferred 
hunt mode of stalk and ambush, comparable to living large felids, playing the role of a mid-
sized yet highly aggressive and mobile predator in the Early Miocene fauna of the Great Plains. 
Posteriorly Andersson (2004a), in a study of the elbow-joint morphology, pointed out that there 
were some differences between the smaller M. ferox FMNH P12154 (falls in the morphospace 
of Pa. onca) (Figure 3F), and the larger M. ferox AMNH 12881 (Figures 3E1-2) and FMNH 
12135 (fall in the morphospace of modern hyenas) (Figure 3D). In general terms, we did not 
find any differences in our data that explain the statement of Andersson (2004a). It is probably 
that in terms of the elbow-joint morphology, the allometric differences between the smaller and 
larger specimens can be detected, but both distal epiphyses are very similar, with supination 
and pronation movements not reduced in all the specimens analyzed. As Anderson (2004a) 
suggested only for the specimen FMNH P12154, we propose a locomotor strategy comparable to 
that of Pa. onca, but with more semifossorials abilities for the entire sample of M. ferox analyzed.
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Brachypsalis was a medium-size oligobunine with a more robust dentition and a longer 
post-carnassial dentition than Zodiolestes and Promartes, suggesting a more omnivorous diet. 
Baskin (1998) suggested that it could be derived from Promartes. Brachypsalis conforms the 
oligobunine with the greatest temporal range, ranging from the Early to the Middle Miocene 
(early Hemingfordian to middle Clarendonian, equivalent to MN3-8) (Schultz, 2016) (Figure 
1). Brachypsalis sp. shows a great diversity of BM, ranging from 10 to almost 20 kg, overlapping 
with the mean BM of the mustelids G. gulo and Me. meles, the canid Cu. alpinus and the felids 
Ly. pardinus and N. nebulosa (Tables 2 and 13). BM estimations of Brachypasalis sp. for the Early 
Barstovian and middle Clarendonian are slightly bigger than those of the specimens from the 
Lower Hemingfordian. Differences in the BM obtained between each temporal range can be 
explained by sexual dimorphism, since the biggest values may represent to males and the least 
values to females. Most of the extant mustelids are sexually dimorphic, with males significantly 
larger than females. Sexual dimorphism has been also documented in the extinct mustelids 
Eomellivora, Leptarcus, Megalictis and Trigonictis (Zakrzewski, 1967; Baskin, 1998; Valenciano 
et al., 2015, 2016). None specimen known of Brachypsalis sp. were complete enough to include 
them in the discriminant analysis. Nonetheless, it can be observed that this taxon shows a 
relatively reduced radius and ulna in length (relatively low values for RTL Mos and UTL Mos), 
a FTL Mos close to Mell. capensis, and similarities with terrestrial and semifosorial taxa for 
some variables of the femur (Figure 7f). As in other oligobunines (except Z. daimonelixensis), 
Brachypsalis sp. has a large development of the medial epicondyle of the humerus, suggesting 
fossorial adaptations. Therefore, we considered that Brachypaslis sp. has proportions consistent 
with semifossorial behaviors, but closer to Mell. capensis than to the more specialized diggers 
Ta. taxus and Me. meles. 
Potamotherium valletoni is a relatively well-known stem mustelid with thousands of 
isolated bones recovered. However, no complete associated skeletons are known. It is dated in 
the early Miocene (MN2) and it inhabited in the freshwater lakes of the current central France 
region (Savage, 1957; Rybczynski et al., 2009) (Figure 1). Puijila darwini was described by 
Rybczynski et al. (2009) from a nearly complete skeleton from an early Miocene lake deposit in 
Nunavut, Canada. This taxon represents a morphological link in the early pinniped evolution. 
In spite of both Pui. darwini and Pot. valletoni were not analyzed in the discriminant analysis, 
all the variables undoubtedly indicate that both taxa are semiaquatic carnivorans that lived in 
freshwater lakes. The limb proportions (BI and CI) of Pui. darwini match with the proportions of 
Enh. lutris and Pt. brasiliensis, and Pot. valletoni falls outside the range of variability of the living 
semiaquatic mustelids (Figure 8). When the BI and CI values of Pot. valletoni are compared 
with data published by Rybczynski et al. (2009), our Pot. valletoni values are similar to those 
of pinnipeds. However, we must be cautious with our results because the BI and CI indexes for 
Pot. valletoni were obtained from a compound and mounted specimen, hence these values not 
represent an isolated specimen. Nonetheless, our results are informative enough to assert that 
Pot. valletoni had a semiaquatic behavior. Potamotherium valletoni is a very robust stem mustelid, 
with an inferred BM range between 4.70-8.42 kg, similar to the extant American and Euroasiatic 
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river otter (Lo. canadensis and Lu. lutra, respectively) (Tables 2 and 13). Potamotherium valletoni 
is characterized by very short and robust long bones, especially the humerus, radius and femur 
(Figures 6 and 7). Together with one specimen of Pt. brasiliensis, Pot. valletoni displays the lowest 
HTL Mos values of the whole sample (extinct and extant carnivorans) and a high value of Hdml 
35 % Mos, a relatively short radius, with very low values for Redml Mos, and the highest values 
for Redap Mos of the entire sample (Figures 6 and 7). Relative craniocaudal robustness of the 
distal epiphysis of the radius (long Redap Mos) may be related to improve the wrist stabilization 
by restricting its degree of movement, as it has been suggested in previous studies (Salton and 
Sargis, 2008; Fabre et al., 2013a). Savage (1957) concluded that the long bones of Pot. valletoni 
were characterized by their striking shortness and robustness, sharing several traits with lutrines 
and pinnipeds. This author also suggested that Pot. valletoni would have an effective locomotion 
on land as the living Lu. lutra, and the hindlimbs would provide the main propulsive power in 
the water, while using the forelimbs to steer. Puijila darwini and Pot. valletoni have similar values 
of BI than Enh. lutris and A. capensis. Moreover, both extinct taxa show the highest values for 
CI of the entire sample of semiaquatic taxa (Figure 8). Interestingly, among living otters Enh. 
lutris and A. capensis have a relatively long BI, which may be related to feed mainly on bivalves, 
crustaceans or shellfishes that they catch using their paws, in contraposition to the other otters 
than catching elusive preys with their mounts (Larivière and Jennings, 2009; Botton-Divet et al., 
2016). Likewise, a close BI may indicate that both extinct genera used their forelimbs to process 
food. Moreover, the presence of a longer manus in Pui. darwini than Lo. canadensis (Rybczynski 
et al., 2009) may support this hypothesis. Alternatively, a relatively short radius in Pot. valletoni 
and Pui. darwini may be indicative of a primitive character within arctoid species. Consequently, 
our results support previous ideas for both extinct semiaquatic taxa in relation to their locomotor 
behavior (Savage, 1957; Rybczynski et al., 2009), being both otter-like taxa, although the most 
powerful musculoskeletal system of Pot. valletoni is apparently more specialized for swimming 
than that of Pui. darwini.
The leptarctine Tr. albanense from Devinska Nova ves (Slovakia, MN6) is a highly 
derived mustelid with an atypical dentition, which reminds in some traits to mephitids or even 
procyonids. The postcranial remains are composed of fragmented and isolated long bones 
studied by Zapfe (1950). He indicated that even the skull possesses a mixture of characters of 
mephitids and melines, its skeleton shows strong affinities to mustelinae. The inferred BM for 
Tr. albanense ranges from 2.08 to 2.35 kg, a similar BM than the living yellow-throated marten 
(Ch. flavigula) (Tables 2 and 13). Our results indicate that this taxon was clearly arboreal or 
scansorial, because of the occurrence of the longest and most graceful femur among the sample 
of extinct musteloids (Figure 7).
The postcranial skeleton of Sthenictis is almost completely unknown, with the exception 
of the undescribed skeleton of Sthenictis sp. (F:AM 25235) from the Burge Fauna of Nebraska 
(Tseng et al., 2009) (Figure 2 F, P). The obtained BM for Sthenictis sp. is 7.97 kg, a close mass to 
that of the arboreal Cr. ferox males Tables 2 and 13). Sthenictis sp. shows typical traits to arboreal 
or scansorial carnivorans as a relatively long humerus (the longest of the extinct musteloids 
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analyzed), long femur and tibia, as well as low to medium values for variables than related to 
widths and robustness (Figures 6 and 7). The limb proportions of Sthenictis sp are close to the 
scansorials mustelids Ch. flavigula and Martes and it was also classified as a scansorial form by 
the discriminant analysis (Figures 8 and 9 and Table 8).
The Late Miocene mellivorines of giant size E. piveteaui and Ek. ekakeran represent one 
of the most unusual mustelids among the extinct taxa sample. The BM obtained for E. piveteaui 
ranges between 41- 45 kg estimated through simple OLS and 37.23 kg through multiple OLS. 
These values are similar to the BM of the living Hy. hyaena males (33.5 kg) and Par. brunnea 
(37.5 kg) (Tables 2 and 13). Ekorus ekakeran was larger than E. piveteaui and reached a BM of 
40.4 - 42.5 kg (simple OLS) and 50.54 kg (multiple OLS), values those overlap with the average 
BM of living leopards and spotted hyenas (Tables 2 and 13). Both E. piveteaui and Ek. ekakeran, 
were classified as terrestrial by the first predicted group of the CVA. Nonetheless, E. piveteaui was 
classified as cursorial and Ek. ekakeran as semifossorial form as a second predicted group (Table 
8). In Figure 10 it is observed that E. piveteaui falls outside the distribution of living taxa, being 
in an intermediate position between C. lupus, Pa. leo and Ta. taxus (Figure 10). Ekorus ekakeran 
falls very close to Pa. leo and Ta. taxus. Thus, CVA shows that E. piveteaui displays higher values 
of RTL Mos and UTL Mos than Ek. ekakeran. In terms of body limb proportions (BI and CI), 
E. piveteaui emerges as the most cursorial taxa, having Ek. ekakeran virtually the same limb 
proportions than the living Mell. capensis (Figure 8, Table 5). Besides, Ek. ekakeran possesses 
a mosaic of features, having relatively long limbs compared to the rest of mustelids, though 
feet are short and stout (Werdelin, 2003; Andersson 2004a). According to Mosimann variables, 
E. piveteaui and Ek. ekakeran are very different to other mustelids. They have a relatively long 
humerus and radius. However, they also show some slight differences, such as relatively higher 
values of Hdml 35% Mos and a relatively longer ulna in E. piveteaui, or a relatively longer FTL 
Mos in Ek. ekakeran. In several cases, the obtained values of these variables are similar to cursorial 
canids and hyenids (Figures 6 and 7). Therefore, as has been aforementioned E. piveteaui and Ek. 
ekakeran conform the most cursorial taxa among mustelids of the whole sample. Moreover, both 
genera are undoubtedly the most cursorial mustelids known and represent an ecomorphotype 
currently unknown for the family, close in BM and locomotion to canids and hyenids. Although 
a deeper description and comparisson of the unpublished postcranial bones of E. piveteaui and 
Ek. ekakeran is vital for clarifying its locomotion, the variables here analyzed indicate that both 
giant mellivorines had several adaptation for cursoriality. It is important to note that E. piveteaui 
and Ek. ekakeran have a humerus with unexpanded lateral epicondylar ridge and unexpanded 
medial epicondyle (Figure 2A1, C1). The expansions of these areas are present in semiaquatic, 
semifossorial, terrestrial, scansorial and arboreal carnivorans. These structures serve as areas of 
attachment for various muscles that flex, pronate and supinate the forearm and flex and extend 
the wrist (Gambaryan, 1974; Schutz and Guraznik, 2007; Samuels et al., 2013; Ercoli et al., 2015, 
2016; Fabre et al., 2015b). However, living cursorial carnivorans as C. lupus, Lycaon pictus, Cro. 
crocuta or Ac. jubatus, such as E. piveteaui and Ek. ekakeran, have notable reduced areas for 
these muscle attachments, thus showing restricted movements of the forelimb to the parasagittal 
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plane. Similar inferences were stated by Anderson (2004a) regarding Ek. ekakeran cursoriality. 
He specially pointed out the cursorial traits that this taxon present at the distal epiphysis of 
the humerus, which apparently evolved under selective pressures for a predatory strategy, with 
the elbow-joint morphology comparable to that of extant non-grapplers, as hyenas and large 
canids. Additonally Werdelin (2003) indicated that, although Ek. ekakeran is a mustelid and 
would not be expected to inhabit open grassland environments, the postcranial skeleton of this 
form displays a degree of cursoriality not seen in other mustelids, which suggests a degree of 
adaptation to open environments. This same reasoning could be also applied in the case E. 
piveteaui. 
BM estimation for the gulonini Plesiogulo was only prossible by predictive equations based 
on simple OLS. The BM for the North-American P. marshalli (Figure 3 I1-2) is 21 - 22 kg, slightly 
higher than the living wolverine, and the BM for the larger P. monspessulanus PQ-L 40042 (Figure 
3 C, P) is 37.70 - 40.13 kg, being intermediate between the average BM of Par. brunnea and C. 
lupus (Tables 2 and 13). However, based on Tedap, the corrected BM for PQ-L 40042 is 58.29 kg, 
which overlaps with the BM of the Pu. concolor males (Tables 2 and 4, and Appendix 6). In terms 
of locomotion, Plesiogulo is similar to G. gulo, but it shows a relatively shorter Hedml Trl Mos (P. 
marshalli), and UTL Mos (P. marshalli, P. lindsayi and P. monspessulanus) than G. gulo. Likewise, 
Plesiogulo shows a more robust morphology, being substantially noticeable in P. monspessulanus 
because of its larger size. Hendey (1978) described the skeleton of P. monspessulanus from South 
Africa as very similar to G. gulo but with the limb bones, tarsals and metapodials relatively less 
elongated and more stoutly proportioned, which reflect the stoutness of this species and its 
heavier musculature. 
The interaction between rises of BM and morphology on the forelimb of living musteloids 
has been analyzed recently (Fabre et al., 2013a). They quantified a significative effect in the 
shape of the humerus and radius in relation to an increase in BM; indicating that heavier species 
displaying shorter and more robust bones with wider articulation surfaces than slender ones, 
which suggest a better suit for load bearing and load transmission in the heaviest species. 
Otherwise, Harrison (1981) pointed out that the fossil record of Plesiogulo indicates that this 
genus was more abundant at localities interpreted as open plains with very limited woodlands, 
however it is equally probable that Plesiogulo lived on the open plains or in the narrow belts of 
riparian woodlands. Our analysis suggest that Plesiogulo was a medium-giant terrestrial taxa, 
with capacities to make pronation and supination movements (because to the presence of a 
expanded lateral epicondylar ridge and medial epicondyle humerus) that would be advantageous 
for digging or climbing, as the living wolverine does.
Postcranial remains of the musteloids not mustelids analyzed here (the ailurid Sim. batalleri 
and the procyonid Cy. brevirrostris) are scarce in the fossil record, and none were complete 
enough for including them in the discriminant analysis. Simocyon batalleri from Batallones have 
an inferred BM of 31.54 - 41.37 kg, values similar to Par. brunnea (Tables 2 and 13). This is 
partially congruent with previous estimations based on dentition and postcranial remains that 
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postulated a BM range of 47.38 - 61.39 kg (Salesa et al., 2008). However, the greatest values 
correspond to BM predicted by dental measurements, and as we have demonstrated regressions 
based on teeth measurements overestimate the BM in mustelids and also carnivorans with long 
m1. Hence, we considered as more feasable the BM estimated in this study. Therefore, Sim. 
batalleri could have a similar BM to Par. brunnea or Pa. pardus (Table 2), instead of Pu. concolor 
as previously suggested (Salesa et al., 2008). Simocyon shows medium values for the Mosiman 
variables of the humerus, a relatively short radius (close to Mell. capensis and Pa. onca), and a 
relatively short ulna (Figures 6-7). It has a very hight values for Redap Mos, traits shared with 
Pot. valletoni, En. terraenovae, and M. ferox. This feature may be related to the improvement 
of wrist stabilization and may be also associated with large size taxa (Salton and Sargis, 2008; 
Fabre et al., 2013a). Simocyon batalleri BI is higher than that of its only extant ailurid relative 
(Ai. fulgens), but without knowing proportions related to the hindlimb, locomotion cannot be 
undoubtedly inferred. The BI suggests Simocyon was arboreal, scansorial or semifossorial taxa 
and excludes it from semiaquatic, terrestrial and cursorial categories. According to previous 
authors (Salesa et al., 2008; Fabre et al., 2015b), Simocyon had scansorial abilities, being our 
results in accordance.
The procyonid Cy. brevirostris FMNH P14342 was determinated by R.H. Tedford in 
Marshall et al. (1979) and is dated in 6.02 Ma (Figure 1). However, nothing was said about 
its postcranial morphology or its BM. The BM obtained for Cy. brevirostrisis 27.7 - 33.6 kg by 
simple OLS and 28.18 kg by multiple OLS (Tables 13). These estimations are more than the 
double of the BM of the largest living procyonid Procyon lotor, which reaches up to 10 kg (Kays, 
2009). Virtually, at the same time that this PhD dissertation was finished, Tarquini et al., (2017b) 
published a studied of BM of several species of Cyonasua (Cy. brevirostrisis not included), based 
on postcranial measurements. They gave a BM range of 12.63-28.45 kg, being our stimation of 
Cy. brevirostris FMNH P14342 in agreement with the upper values for the genus (Tarquini et 
al., 2017b). Nevertheless, based on the size of the cranium and dentition, the largest undoubted 
procyonid was the huge Chapalmalania. Unfortunately, fossil remains of this genus are not found 
(Tarquini et al., 2017b), although Chapalmalania may be close to a black bear size. The variables 
here analyzed of the humerus, tibia and femur of Cy. brevirostris FMNH P14342 do not indicate 
any particular locomotor group; it has medium values for the humerus, Fedml Mos, Fdml Mos, 
and a relatively short femur similar to that of Me. meles (Figures 6 and 7). Based on the hindlimb 
proportions (CI), this taxon only can be excluded from the category semiaquatic (Figure 8). 
Therefore, Cy. brevirostris FMNH P14342 may be classified as a generalist procyonid, being an 
intermediate form between terrestrial and scansorial species, probably with a locomotor style 
similar to Nasua, a scansorial procyonid that spend a lot of time in the ground and possesses 
abilities to dig (McClearn, 1992). This results agree with Tarquini et al., (2017a), whose studied 
the forelimb of Cyonasua sp., and concluded Cyonasua as a generalized form with some degree 
of grasping ability compatible with climbing and with some digging capacity.
Among lutrinae, the oldest species analyzed was Lartetictis dubia from the Middle 
Miocene of Sansan (France, MN6) described by Ginsburg (1968) and Peigné (2012). It possesses 
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some traits in common with the semiaquatic otters as a moderately short radius (Figure 6), 
although it is not as reduced as is in living otters, and similar values of Redml Mos. Its BI also 
suggests a short forelimb, typical of semiaquatic taxa. According to the morphology of the long 
bones, it is coherent classified L. dubia as semiaquatic, although in a lesser degree than extant 
otters. The Late Miocene Te. riparius (MN10) presents a lesser degree of aquatic adaptations 
than L. dubia, being even previously described as a terrestrial otter (Salesa et al., 2013). We 
have stimated a BM of 3.38 kg for this taxon, an average similar to that of the living fisher (Pe. 
pennanti) (Tables 2 and 13). The CI value of Te. riparius overlaps with those of scansorial and 
cursorials carnivorans (Figure 8 and Table 5). Even though more complete material is necessary 
to clarify its locomotion, the slender postcranium of Te. riparius, in which there are no marked 
semiaquatic traits, suggests a terrestrial behavior for this taxon. 
A remarkable group of large to giant sized otters has been analyzed, including the late 
Miocene to earliest Pleistocene Enhydriodontini, such as the Pliocene lutrini S. piscinarium. The 
BM obtained for some Enhydriodontini taxa of the sample suggest them would be the heaviest 
mustelids known, being even greater than M. ferox, Ek. ekakeran, and Plesiogulo (Table 13). The 
smallest taxa correspond to the lutrini S. piscinarium and the Enhydriodontini En. terraenovae 
and Si. hendeyi. Satherium piscinarium, with a BM of 18.9 kg inferred by multiple OLS, would 
be slightly smaller than the living Pt. brasiliensis (Tables 2 and 13). Enhydritherium terraenovae 
UF 100000 (Figure 2E1-2, O1-2), with an estimated BM of 25.74 kg, is close to the average BM 
of the extant sea otter (Enh. lutris). Otherwise, Si. hendeyi corresponds with a larger otter with a 
BM of 40.85 kg, overlapping with the higher values of BM for the males of the sea otter (Tables 
2 and 13). 
Gigantic bunodont otters lived during the Late Pliocene of Africa and they reached similar 
BM as those of black bears (Ursus americanus) (Figure 15, Tables 2 and 13). These Enhydriodontini 
do not match to any ecomorphotype known for the family or even for the Order Carnivora. 
Examples of gigantic bunodont otters are the African Enhy. dikikae (Figure 3A,L,M), whose BM 
ranges between 130 - 147 kg (previously estimated between 100-200 kg according to the length 
of the m1 by Geraads et al., 2011), and the indeterminate Enhydriodontinis Al 166-10 (Hadar, 
Ethiopia) and KNM-WT 37400 (West Turkana, Kenya), with an estimated BM of 146.5 kg and 
Figure 15: Size comparisson of the largest extinct giant mustelid with the living tiger (Panthera tigris), brown 
bear (Ursus arctos) and gray wolf (Canis lupus). A. and H. Panthera tigris MNCN-M-21571, B. and I. Ursus arctos 
MNCN-16820, G. and O. Canis lupus MNCN-21846. A. Panthera tigris, right humerus, caudal view; B. Ursus 
arctos, right humerus, caudal view; C. Enhydriodon dikikae left humerus DIK-78-1, caudal view; D. Megalictis 
ferox FMNH P12135, left humerus, caudal view; E. Ekorus ekakeran, cast of KNM-LT 23125, left humerus, caudal 
view; F. Plesiogulo monspessulanus PQ-L 40042, partial right humerus, caudal view; G. Canis lupus left humerus, 
caudal view; H. Panthera tigris left femur, caudal view; I. Ursus arctos left femur, caudal view; J. Enhyodrontini indet 
OMO L183-14, right femur caudal view; K and L. Partial femurs of Enhydriodon dikikae, K. proximal epiphysis of 
a left femur DIK-44-1, caudal view, L. distal epiphysis of a right femur DIK-41-20, caudal view; M. Megalictis ferox 
FMNH P12135, left distal epiphysis of the femur, caudal view; N. Ekorus ekakeran, cast of KNM-LT 23125, left 







110.1 kg, respectively (Table 13). However, the biggest and the youngest specimen corresponds 
to the indeterminate Enhydriodontini OMO L183-14 from Omo, Ethiopia, dated in 2.85 - 2.52 
Ma (Lewis, 2008; Werdelin, 2015). It is unambiguously the biggest mustelid of the whole fossil 
record with an estimated BM of 245.42 kg, which is larger than the lion males and the black 
bear, and even higher than the BM average of tigers (200 kg) (Figures 3K and 15J, Tables 2 and 
13). Hence, this family displays four orders of magnitude regarding the BM, ranging from the 
smallest taxon, the weasel (0.025 kg), to the bunodont otters (>200 kg). This range is close to 
the five orders of magnitude in BM for the Order Carnivora, in which the heaviest carnivoran is 
the Southern elephant seal (Mirounga leonina, 2200-5000 kg) (Nyakatura and Bininda-Emonds, 
2012).
The most complete Enhydriodontini known is the New World En. terraenovae, and 
matches very well with semiaquatic taxa, such as the lutrini Sa. piscinarium, which was cataloged 
previously as semiaquatic (Bjork, 1970; Samuels et al., 2013). Enhydritherium terraenovae is 
classified by the discriminant analysis as semiaquatic, first predicted group, and as semifossorial 
by the second predictive group (Figure 10 and Table 8). The BI of En. terraenovae is analogous 
to those of living otters, but its CI is much lesser, because it has a shorter tibia (similar to that 
of Ta. taxus), which may suggest a lesser degree of adaptation to a locomotion in the water 
(Figure 8), as Lambert (1997) suggested previously. He pointed out that En. terraenovae was a 
generalist rather than a marine specialist (as previously thought) and a reasonably competent 
for terrestrial locomotion. Our results show some variability in the type of locomotion for the 
Enhydriodontini, which is difficult to interpret due to the incomplete fossil material analyzed, 
and the unusual morphology of these forms. 
As Fabre et al. (2015a) indicated, each bone of the musteloids forelimb seems to show 
a different functional signal, suggesting that inferring the lifestyle or locomotor behavior of 
extinct species can be difficult. These authors also highlighted the importance of examining, 
when possible, the maximum of skeletal elements to be able to make stronger interpretations. 
In this regard, our results for Enhydriodontini taxa reveal semiaquatic traits for some bones, 
which can be also interpreted as belonging to semifossorial behaviors: (1) Enhydriodon dikikae 
have a relatively short humerus (Figure 6A). (2) Sivaonyx beyi (Figure 3 G1-2, Q) has a relatively 
short radius (Figure 6D), proportionally close to the fossorial Ta. taxus (Figure 6E), and shows 
virtually the same BI than A. capensis (Table 5). This extinct otter was classified as a terrestrial 
predator with poorly developed aquatic adaptations by Peigné et al. (2008). (3) Sivaonyx hendeyi 
and the Enhydriodontinis KNM-WT 37400 from West Turkana show a relatively short femur, 
coinciding with values of living river otters; otherwise, Enhy. dikikae, the Enhydriodontinis 
from Omo, and Al 166-10 from Hadar are similar to the semiaquatic A. capensis but also to the 
semifossorial Ta. taxus  (Figure 7 C). (4) Fdml Mos indicates that the midshaft of the femur in the 
gigantic otter species are stout, as are those of bears and river otters (Lo. canadensis and Lu. lutra), 
but slender than those of Enh. lutris and Pt. brasiliensis. Interestingly, when plotting Fdml Mos 
vs Fedml Mos (Figure 7 F), and Fedml Mos vs FTL Mos (Figure 7 G), several Enhydriodontini 
(En. terraenovae, Si. hendeyi, Enhy. dikikae, and the Enhydriodontinis from Omo and Hadar) 
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fall outside the morphospace of living carnivorans, being in an intermediate position between 
terrestrial and semiaquatic; whereas KNM-WT 37400 from West Turkana falls within the 
distribution of semiaquatic forms. Consequently our inferences are highly congruent with those 
of other authors as Lewis (2008), who suggested that Si. hendeyi was a terrestrial carnivoran, the 
taxon from West Turkana was a semiaquatic form with a morphology close to that of living river 
otters, and a strict aquatic behavior for the otters from Omo and Hadar. Posteriorly, Geraads et 
al. (2011) interpreted Enhy. dikikae as mostly terrestrial. 
Therefore subtle variations could be inferred in the semiaquatic abilities within the 
Enhydriodontini. However, these inferences must be taken with caution because only one 
isolated bone (femur) is available for some of the taxa (Si. hendeyi and the three indeterminated 
Enhydriodontini). It seems that the most aquatic taxa were S. piscinarium, En. terraenovae, 
and propably the Enhydriodontini KNM-WT 37400 from West Turkana. Sivaony beyi, Si. 
hendeyi, Enhy. dikikae, and the Enhydriodontinis from Omo and Hadar seem to be intermediate 
between semiaquatic and terrestrial forms, and may be similar to the modern A. capensis (the 
semiaquatic living otter of the sample with lesser adaptations for an aquatic locomotion), but 
with more terrestrial and semifossorial traits. However, the complete analysis of Lewis (2008) 
suggests a much more aquatic traits for the Omo and Hadar otters, which should be taken into 
account. As discussed above, the Enhydriodontini might be somewhat more terrestrial than 
living Lutrinae, although they have been always found in association with large bodies of water 
(Werdelin 2015). Hence, we can only speculate about the habits and diet of an animal that is 
notably different from any living relative. One possibility is that the Enhydriodontini, especially 
the larger African forms fed on armored catfish, which could reach a great size in the paleorivers 
and lakes of eastern Africa, and also may have fed on crocodriles, turtles, crustaceans, bivalves 
or even carcasses of herviborous mammals (Lewis, 2008; Geraads et al., 2011; Werdelin, 2015).
The great-derived Pliocene Melinae Ferinestrix vorax has an inferred BM of 29.58 kg, 
more than twice the BM of living badgers, and close to that of Ly. pictus males and Enh. lutris 
(Tables 2 and 13). Bjork (1970) described the femur of F. vorax as more robust than that of 
G. gulo, particularly the distal part. He pointed out that the stoutness of the shaft and distal 
epiphysis were similar to those of semiaquatic mammals. However, our results indicate that F. 
vorax matches better with the long bones morphology of semifossorial and terrestrial forms 
(Figure 6 and 7). 
Trigonictis macrodon UF 234500 resembles to small mustelids (Figure 2H1-2, R1-2) with 
an inferred BM of 3.91 - 4.29 kg (simple OLS) and 4.02 kg (multiple OLS) (Table 13). These 
BM estimations are similar to the BM of the scansorial genera Pe. pennanti and Na. narica, 
and the arboreal Ai. fulgens (Table 2). This unpublished specimen conforms not only the most 
complete skeleton of T. macrodon, but also the most complete specimen of the genus. Schutz and 
Guraznik (2007) analyzed several specimens of T. cookii and T. macrodon through geometric 
morphometric techniques and concluded that Trigonictis had a locomotor mode intermediate 
between the half-bound locomotion, found in weasels and ferrets, and the scansorial locomotion, 
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of martens and fishers. The limb proportions of T. macrodon UF 234500 indicate an intermediate 
behavior between scansorial and arboreal (Figure 8). Nevertheless, our discrimiant analysis 
classified this taxon as semifossorial (Figure 10, Table 8), which is in agreement with some robust 
traits observed in its postcranial remains. Finally, the rancholabrean G. gulo from the Gold Hill 
Formation, Alaska, has a similar BM than living G. gulo without remarkable diferences in terms 
of locomotion.
Neogene giant musteloids, Why so big?
The increasing number of identifications of giant mustelids in the fossil record points to the 
importance of these taxa for understanding Neogene paleoecology (Lewis, 2008) (Figure 1). We 
consider that the term giant mustelid (and also giant musteloid) should be standardized to improve 
the known about these mustelids from an ecomorphological point of view, and thus avoiding 
relatively ambiguous terms such as big, large, great, gigantic or huge, which are frequently used 
as synonyms. Thus, relying on our predictive equations, we propose a modification of the term 
giant mustelids based mainly on the definition given by Werdelin (2003). Hence, we considered 
two definitions: (1) for extinct taxa that belong to some extant subfamily of Mustelidae: extinct 
mustelid with a BM equal or more than twice the mass of the largest living forms of their own 
subfamilies; (2) for stem mustelids (e.g., oligobunines) or mustelids with uncertain taxonomic 
relationships: extinct taxa with a BM equal or more than twice the mass of the largest terrestrial 
living mustelid (the biggest wolverine reaches 18 kg, see Table 2). Following these definitions, we 
consider as giant mustelids the oligobunines M. ferox and Oligobunis; the Gulonine Plesiogulo; 
the mellivorines Hoplictis, Eomellivora, and Ekorus; the meline Ferinestrix; and the Lutrines 
Enhydriodon, Enhydritherium, Sivaonyx, Siamogale, and Torolutra. Enhydritherium terraenovae 
is not excluded because although the specimen analyzed has a BM analogous to that of living 
sea otters, additional dental and postcranial remains suggest a larger size. In addition, could be 
applied the definition number two for giant musteloids, considering them as an extinct taxa 
with a BM equal or more than twice the mass of the largest terrestrial living member of each 
own family (Ailuridae, Procyonidae, Mephitidae). Thus the ailurid Simocyon and the procyonids 
Arctonasua, Chapalmalania, and Cyonasua can be also considered as giant musteloids.
During the evolution of Carnivora, it can be observed a trend toward the development 
of giant and hypercarnivorous forms in groups of dog-like carnivorans (Van Valkenburgh 
et al., 2004; Sillero-Zubiri, 2009). The most plausible cause is the prevalence of interspecific 
competition among large and sympatric predators, complimented with changes in prey size 
(Sillero-Zubiri, 2009). In general, it has been detected a significant trend toward larger sizes 
in large herbivores and carnivores during the Cenozoic (Alroy, 1998; Van Valkenburgh et al., 
2004; Huang et al., 2017). This gradual trend toward body-size increasing in different lineages 
over geological time has been deeply discussed in the literature (e.g., Depéret, 1907; Gingerich, 
1974; Jablonski, 1997; Alroy, 1998; Gould and Macfadden, 2004; Van Valkenburgh et al., 2004; 
Benson et al., 2014; Bokma et al., 2015; Churchill et al., 2015). This tendency has been named 
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“Cope’s rule”, although it was recently suggested to rename it as the Depéret’s rule (Bokma et 
al., 2015). One of the prime examples of the Cope’s rule is that of the extinct horses. However, 
Gould and Macfadden (2004) showed that there is no evidence for Cope’s rule in Equidae after 
establishing that the evolution of large body sizes occurred multiple times among the group, 
together with a very widespread body-size decrease within multiple clades of equids. The 
presence of several genera of giant mustelids, procyonids and ailurids in different periods of 
time and even in different subfamilies (Figure 1), which co-lived with other small musteloids, 
could indicate that this group of carnivorans does not follow the Cope´s rule (as in the case of 
equids). In fact, the raise of giant mustelid during the Late Miocene and Pliocene (Figure 1) 
may be related to the cladogenesis in the evolutionary history of extant mustelids. Koepfli et al. 
(2008) described two main bursts of cladogenesis. The first burst occurred during the Middle 
to Late Miocene, coinciding with an ecological change from forested habitats to more open 
vegetation as grasslands, giving rise to most of the extant clades of mustelids. The second burst 
occurred during the Pliocene, coinciding with further cooling and drying environments that 
caused an expansion of grasslands and steppe at midlatitudes and development of taiga at high 
latitudes of the North Hemisphere (e.g., Singh, 1988; Koepfli et al., 2008). Moreover, Koepfli 
et al. (2008) highlighted that both bursts coincided with periods of environmental changes, 
providing support for models that show that evolution may be greatly accelerated by changing 
environments (Kashtan, 2007). During these periods of time, new niches are created, providing 
new ecological opportunities that may foster rapid speciation and thus, diversification (e.g., 
Simpson, 1953; Schluter, 2000; Koepfli et al., 2008). Therefore, as we discussed above, several 
giant mustelids rised in association with these cladogeneses, occupying new niches throught 
the Neogene. This increasing diversity was also accompanied in terms of diet types, ranging 
from hypercarnivorous forms as the mellivorines E. piveteaui and Ek. ekakeran; generalist as the 
procyonids Cy. brevirostris, and Chapalmalania; to durophagous taxa adapted to break or crush 
bones such as the oligobunine M. ferox, the gulonine Plesiogulo, the ailurid Simocyon, the meline 
Ferinestrix, and the otters Enhydritherium, Enhidriodon, and Sivaonyx.
Why these giant musteloids disappeared or declined remains unknown, and is highly 
complicated to find a cause of extinction for each taxa of giant musteloid through the Neogene 
and Quaternary. Van Valkenburgh et al. (2004) argued that energetic constraints and pervasive 
selection for larger size in carnivores lead to dietary specialization and increased vulnerability 
to extinction. These authors analyzed extinct canids, in which the evolution of large size taxa 
was associated with a dietary shift to hypercarnivory and a decline in species duration. Similar 
trends have been suggested in other extinct carnivores as creodonts, amphicyonids, and hyaenids 
(Van Valkenburgh et al., 2004). Therefore, the extinction of the cursorial and hypercarnivorous 
E. piveteaui and Ek. ekakeran may be linked with their theory. As aforementioned, processes 
related to changes in the carnivorans and prey guilds, which are extremately linked to changes 
in their ecosistems had a vital role. Nevertheless, other alternative factors had to constrain 
the evolution of more generalist taxa. Adittional factors have been argued for the extinction 
and turnover of carnivorans during the Plio-Pleistocene boundary in Africa (Werdelin and 
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Lewis, 2013; Werdelin, 2015). Werdelin and Lewis (2013) and Werdelin (2015) postulated that 
climate change is unlikely to explain all of the extintions and turnovers and suggested that the 
evolution of early hominins into carnivore niche space, particularly the evolution of derived 
dietary strategies after 2 Ma, played a significant role in the reduction of the carnivoran richness, 
including the extinction of the Late Pliocene African bears-size otters.
CONCLUSIONS
The analyses of the linear measurements used in this study reveal how the limb skeleton 
reflects locomotor behaviors and BM in living carnivorans. The application of these analyses to 
extinct giant mustelids, procyonids and ailurids allows doing more quantitative and accurate 
inferences about their paleobiology. Knowing the limitations of the studied variables and 
although no complete descriptions of the osteology and musculature of the fossil taxa have been 
made, we point out that our analyses are very useful to detect differences between locomotor 
types in giant extinct musteloids. Future works linking deeper anatomical descriptions and 
comparisons as well as geometric morphometric analysis of the giant forms, will help to clarify 
their locomotion.
The predictive equations generated here based on postcranials remains are very useful 
to infer the BM of extinct musteloids. They have proven highly useful and accurate, and we 
strongly recomend using them when the postcranial remains are available. Moreover, these 
predictive equations allow us to propose a new definition for giant mustelid: (1) for extinct taxa 
that belong to some extant subfamily of Mustelidae: extinct mustelid with a BM equal or more 
than twice the mass of the largest living forms of their own subfamilies; (2) for stem mustelids 
or mustelids with uncertain taxonomic relationships: extinct taxa with a BM equal or more than 
twice the mass of the largest terrestrial living mustelid (18 kg). Furthermore, could be applied 
the definition number two for giant musteloids, considering them as an extinct taxa with a BM 
equal or more than twice the mass of the largest terrestrial living member of each own family.
Giantism in mustelids is noticed early in the evolutionary history of the group and 
represents several independent radiations in North America, Eurasia and Africa through 
the Neogene and Quaternary. The current diversity of musteloids is only a glimpse of their 
diversity in the past. Our findings show that several unique ecomorphotypes of giant musteloids 
evolved through the Neogene, being different from any living carnivoran: (1) during the Early 
Miocene, in the Great Plains of North America, there was a primitive Puma-size mustelid with 
terrestrial and semifossorial traits and with a bone-crushing dentition (M. ferox); (2) during 
the Late Miocene of the North hemisphere and Africa, there were relatives of the living honey 
badger which have a wolf-leopard-hyenid size, an hypercarnivore dentition, and terrestrial 
and cursorial postcranial traits (Ek. ekakeran and E. piveteaui); there were also relatives of 
extant wolverines, with a wolf-spotted hyena size (Plesiogulo); as well as a leopard-size ailurid 
(Simocyon) with a much more carnivore diet than its living relative and mostly herbivorous Ai. 
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fulgens; (3) during the Late Miocene/Pliocene boundary of South America, there were a giant 
striped hyenid size (Cy. brevirostris) and much bigger (Chapalmalania) procyonids related to the 
living raccoon and coatis, with probably a terrestrial locomotion; (4) during the Late Pliocene, 
some Enhydriodontini species inhabited Africa, they were black bear size otters somewhat more 
terrestrial than living otters, but associated with large bodies of water and displaying a bunodont 
dentition; and finally, (5) during the Late Pliocene of the Holarctic region, there was a wolverine-
like badger (Ferinestrix) that had a similar BM to that of Ly. pictus males, and Enh. lutris with a 
very crushing dentition. 
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Abbreviations: F; female, 
M, male; Sex, gender; ?, 
unknown.
Specimen Taxa SEX Specimen Taxa SEX
1 USNM-A03339 Gulo gulo luscus F 97 AMNH-34903 Ursus arctos sitkensis M
2 USNM-265588 Gulo gulo luscus F 98 USNM- 399291 Neofelis nebulosa F
3 NRM-20075226 Gulo gulo gulo F 99 USNM-A49974 Neoflis nebulosa M
4 NRM-20085311 Gulo gulo gulo F 100 USNM-198705 Neofelis nebulosa F
5 AMNH 35054 Gulo gulo luscus M 101 AMNH 22916 Neofelis nebulosa M
6 USNM-174630 Gulo gulo M 102 USNM-161922 Acinonyx jubatus raineyi M
7 USNM-296741 Gulo gulo luscus M 103 USNM-162929 Acinonyx jubatus raineyi F
8 NRM-20095038 Gulo gulo gulo M 104 USNM-162928 Acinonyx jubatus raineyi F
9 NRM-20035028 Gulo gulo gulo M 105 USNM-270479 Acinonyx jubatus M
10 USNM-537650 Mellivora capensis M 106 USNM-161911 Panthera pardus F
11 USNM-164700 Mellivora capensis F 107 USNM-156284 Panthera pardus M
12 USNM-296107 Mellivora capensis M 108 USNM-270126 Panthera pardus F
13 AMNH 51951 Mellivora capensis cottoni F 109 AMNH 209087 Panthera pardus M
14 USNM-188225 Pekania pennanti pennanti M 110 AMNH- 1335 Puma concolor azteca F
15 USNM-188226 Pekania pennanti pennanti M 111 AMNH- 244616 Puma concolor M
16 USNM-A21233 Pekania pennanti pacifica ? 112 AMNH 10725 Puma concolor M
17 USNM-A30624 Pekania pennanti pacifica M 113 USNM-A02567/001869 Canis lupus nubilus M
18 AMNH 121556 Pekania pennanti columbiana F 114 USNM-A01308 Canis lupus nubilus M
19 AMNH 121554 Pekania pennanti culumbiana F 115 USNM-198458 Canis lupus chanco F
20 USNM-151877 Charronia flavigula saba F 116 USNM-977 Canis lupus nubilus F
21 USNM-144124 Charronia flavigula henricii M 117 NRM-20105012 Canis lupus M
22 USNM-197238 Charronia flavigula saba F 118 NRM-20095147 Canis lupus M
23 USNM-198053 Charronia flavigula saba M 119 NRM-20105010 Canis lupus F
24 USNM-259003 Eira barbara M 120 NRM-20035026 Canis lupus F
25 USNM-244901 Eira barbara senex M 121 AMNH 51805 Civettictis civetta M
26 USNM-251153 Eira barbara senex ? 122 AMNH  51797 Civettictis civetta congica M
27 USNM-256177 Eira barbara M 123 AMNH  216348 Civettictis civetta australis M
28 AMNH 61432 Eira barbara F 124 NRM- A590299 Civettictis civetta F
29 AMNH 61434 Eira barbara F 125 NRM-20105338 Meles meles F
30 USNM-300299 Taxidea taxus berlandieri ? 126 MNCN-3739 Meles meles danicus M
31 AMNH 35178 Taxidea taxus M 127 MNCN-21254 Meles meles M 
32 AMNH 35878 Taxidea taxus ? 128 MNCN-14234 Meles meles M
33 AMNH 35765 Taxidea taxus M 129 MNCN-19471 Meles meles F
34 AMNH 70298 Taxidea taxus M 130 MNCN-M21863 Meles meles F
35 USNM- 304663 Pteronura brasiliensis M 131 NRM-20055051 Lutra lutra M
36 AMNH 30190 Pteronura brasiliensis M 132 NRM-20135568 Lutra lutra M
37 AMNH 214394 Pteronura brasiliensis F 133 NRM-200005231 Lutra lutra F
38 AMNH 30191 Pteronura brasiliensis F 134 NRM-20085218 Lutra lutra F
39 USNM-263315 Enhydra lutris lutris M 135 MNCN-15236 Lutra lutra M
40 USNM-A21336 Enhydra lutris lutris M 136 MNCN-16273 Lutra lutra  M
41 USNM- A20966 Enhydra lutris lutris ? 137 MNCN-15240 Lutra lutra F 
42 USNM- A11794 Enhydra lutris lutris ? 138 MNCN-14201 Lutra lutra F
43 USNM- 684 Lontra canadensis lataxina ? 139 NRM-20075094 Martes martes M
44 USNM-81798 Lontra canadensis pacifica M 140 NRM-A20055214 Martes martes M
45 USNM-484864 Lontra canadensis lataxina F 141 NRM-20035073 Martes martes F
46 AMNH 150305 Lontra canadensis M 142 NRM-A20055085 Martes martes F
47 AMNH 272946 Lontra canadensis F 143 MNCN-14744 Martes martes M
48 USNM-314979 Aonyx capensis M 144 MNCN-14673 Martes martes M
49 USNM-574897 Aonyx capensis F 145 MNCN-14716 Martes martes F
50 AMNH 51837 Aonyx capensis hindei F 146 MNCN-14705 Martes martes F 
51 AMNH  51853 Aonyx capensis F 147 MNCN-M21753 Martes foina M
52 USNM-319987 Cryptoprocta ferox M 148 MNCN-18925 Martes foina M
53 NMR-A583701 Cryptoprocta ferox M 149 MNCN-14514 Martes foina F
54 USNM-197252 Arctictis binturong F 150 MNCN-14509 Martes foina F
55 USNM-270181 Arctictic binturong F 151 NRM-20055077 Vulpes vulpes M
56 AMNH 22906 Arctictic binturong M 152 NRM-20055064 Vulpes vulpes M
57 AMNH 80163 Arctictic binturong ? 153 NRM-20055066 Vulpes vulpes F
58 USNM-305771 Ailurus fulgens ssp. M 154 NRM-20055073 Vulpes vulpes F
59 USNM-258350 Ailurus fulgens styani ? 155 MNCN-17093 Vulpes vulpes M
60 USNM-305770 Ailurus fulgens M 156 MNCN-17212 Vulpes vulpes M
61 AMNH 146778 Ailurus fulgens F 157 MNCN-3718 Vulpes vulpes F 
62 NRM-A609530 Ailurus fulgens F 158 MNCN-17211 Vulpes vulpes F 
63 USNM-237568 Lycaon pictus M 159 MNCN-16804 Lynx pardina M
64 USNM-181512 Lycaon pictus M 160 MNCN-16764 Lynx pardina ?
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Appendix 2. Sample of the extinct mustelids analyzed 
Abbreviations: B, bibliography; C, cast; F, femur; Fo, fossil; H, humerus; R, radius; S, source; SE, anatomical element studied; T, tibia; TS, this 
study; U, ulna. See main text for references.
65 USNM-181511 Lycaon pictus F 161 MNCN-16772 Lynx pardina F 
66 USNM-181510 Lycaon pictus F 162 MNCN-16807 Lynx pardina F 
67 AMNH 54984 Cuon alpinus dukhunensis M 163 NRM-20025054 Lynx lynx M
68 AMNH 54976 Cuon alpinus dukhunensis M 164 NRM-20025023 Lynx lynx M
69 AMNH 54842 Cuon alpinus  dukhunensis M 165 NRM-20045281 Lynx lynx F
70 NRM- A591242 Cuon alpinus F 166 NRM-20018285 Lynx lynx F
71 USNM- 164611 Canis mesomelas elongae F 167 NRM-A580301 Crocuta crocuta ?
72 AMNH 54209 Canis mesomelas F 168 M-27765 Crocuta crocuta ?
73 AMNH 34732 Canis mesomelas elgonae M 169 M-21542 Crocuta crocuta F
74 AMNH 34731 Canis mesomelas elgonae M 170 MO-5142 Crocuta crocuta ?
75 USNM-257314 Nasua narica narica F 171 MCZ-49638 Crocuta crocuta ?
76 USNM-A00983 Nasua narica ssp. ? 172 MCZ-50343 Crocuta crocuta ?
77 USNM-A22810 Nasua narica ? 173 MCZ-13232 Crocuta crocuta F
78 AMNH 14062 Nasua narica narica F 174 NRM-A580136 Hyaena hyaena M
79 USNM-449468 Potos flavus M 175 M-187783 Hyaena hyaena M
80 USNM-406832 Potos flavus F 176 MO-5 Hyaena hyaena ?
81 USNM-503825 Potos flavus chiriquensis F 177 M-54512 Hyaena hyaena F
82 AMNH 267608 Potos flavus M 178 M-244436 Hyaena hyaena ?
83 USNM-269999 Ursus americanus ? 179 MCZ-57136 Parahyaena brunnea M
84 USNM-283630 Ursus americanus ? 180 M-35357 Parahyaena brunnea F
85 AMNH- 120843 Ursus americanus M 181 NRM-A621235 Panthera leo F
86 AMNH-128521 Ursus americanus ? 182 NRM-A581987 Panthera leo ?
87 AMNH- 45149 Ursus americanus emmonsii M 183 M-52078 Panthera leo azandicus M
88 NMR-A589294 Ursus americanus F 184 M-85143 Panthera leo massaica M
89 NMR-A589297 Ursus americanus F 185 MNCNCOMP-254 Panthera leo F
90 NRM-20045308 Ursus arctos M 186 NRM-A868477 Panthera tigris M
91 NRM-20005219 Ursus arctos M 187 NRM-A608550 Panthera tigris F
92 NRM-995015 Ursus arctos F 188 CTR- 202008 Panthera tigris M
93 NRM-995013 Ursus arctos F 189 CTR- 202006 Panthera tigris F
94 USNM-008125/A06549 Ursus arctos ? 190 CTR- 202015 Panthera tigris M
95 USNM- 301690 Ursus arctos F 191 AHR-202022 Panthera  onca M
96 AMNH-125407 Ursus arctos horribilis F 192 AHR-202023 Panthera  onca M
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Catalog number Taxa Subfamily Locality Age SE Anatomic Element S
F:AM 117088, F:AM 
117087 Gulo gulo Guloninae Gold Hill, Alaska, USA
Middle-Late Pleistocene 
(Rancholabrean) Fo H, R TS
F:AM 117086 Gulo gulo Guloninae Gold Hill, Alaska, USA Middle-Late Pleistocene (Rancholabrean) Fo F TS
F:AM 117092 Gulo gulo Guloninae Gold Hill, Alaska, USA Middle-Late Pleistocene (Rancholabrean) Fo F TS
UF 234500 Trigonictis macrodon Galactinae
Haile 7G, Alachua 
County, Florida, USA Pleistocene Fo H, R,U, F, T TS
AMNH- 89785 Ferinestrix vorax Melinae  Hagerman fauna, Idaho, USA Late Pliocene (Blancan) C F TS
USNM 23266 Satherium piscinarium Lutrinae
 Hagerman fauna, 
Idaho, USA Late Pliocene (Blancan) B H, R, F, T
Bjork, 
(1970)
DIK-78-1 Enhydriodon dikikae Lutrinae DIK-56, Ethiopia Pliocene (3.35-3.30 Ma) Fo H
 Geraads 
data
DIK-44-1 Enhydriodon dikikae Lutrinae DIK-56, Ethiopia Pliocene (3.35-3.30 Ma) B F TS
DIK-41-20 Enhydriodon dikikae Lutrinae DIK-56, Ethiopia Pliocene (3.35-3.30 Ma) B F TS
Al 166-10 Bunodont  otter (Not assigned) Lutrinae Hadar, Ethiopia Pliocene (3.4-3.28 Ma) B F
Lewis, 
(2008)
OMO L183-14 Bunodont  otter (Not assigned) Lutrinae Omo, Ethiopia Pliocene (2.85-2.52 Ma) B F
Lewis, 
(2008)
KNM-WT 37400 Bunodont  otter (Not assigned) Lutrinae West Turkana, Kenya Pliocene (3.36-2.52 Ma) B F
Lewis, 
(2008)
PQ-L 41523 Sivaonyx hendeyi Lutrinae Langebaanweg, South Africa Lower Pliocene Fo F TS
PQ-L 40080 Mellivora benfieldi Mellivorinae
Langebaanweg, South 
Africa Lower Pliocene Fo U TS
PQ-L 40042 Plesiogulo monspessulanus Guloninae
Langebaanweg, South 
Africa Lower Pliocene Fo H, R,U, F, T TS
UF 10000 Enhydritherium terraenovae Lutrinae
Moss Acress  Racetrack, 
Florida,USA
late early Hemphillian  (6-
7 Ma) Fo H, R,U, F, T TS
F:AM 108052 Plesiogulo marshalli Guloninae
 Cofee Ranch Area, 
Texas, USA
Late Miocene (Late 
Hemphillian ) Fo H, U TS
F:AM 67650A Plesiogulo marshalli Guloninae
Marshall Ranch, 
Kansas, USA
Late Miocene (Late 
Hemphillian ) Fo H TS
F:AM 108060 Plesiogulo lindsayi Guloninae
Redington Quarry, 
Arizona, USA
Late Miocene (Late 
Hemphillian ) Fo U TS
FMNH P 14342 Cyonasua 
brevifacies
Procyonidae 
 Catamarca, Chiquimil 
(Valle del Rio Santa 
Maria),  Argentina 
Late Miocene  6 Ma Fo H, R, F, T TS
TM 171-01-033 Sivaonyx beyi Lutrinae Toros-Menalla 171, Chad Late Miocene (7 Ma) B H, R, U
Peigne et 
al., (2008)
TM-31-99-001 Sivaonyx beyi Lutrinae Toros-Menalla 171, Chad Late Miocene (7 Ma) B H
Peigne et 
al., (2008)
KNM-LT 23125 Ekorus ekakeran Mellivorinae Lothagan, Kenya
Late Miocene (lower 
member Nawata 
Formation, 7 Ma)












piveteaui Mellivorinae Batallones-3, Spain
Late Miocene (Vallesian, 
MN10) Fo H, R, U, F, T TS
Bat-3´12.394,Bat-
3´08.528, Bat-3´09.491  
Bat-3´11.691,  Bat-
3´11.902, Bat-3´10.979,  
Bat-3´11.692, Bat-




piveteaui Mellivorinae Batallones-3, Spain
Late Miocene (Vallesian, 




2390, B-52 (6), B-430, B-
438
Simocyon 
batalleri Ailuridae Batallones-1, Spain
Late Miocene (Vallesian, 
MN10) Fo H, R, U TS
 B-5448, B-3680 Simocyon batalleri Ailuridae Batallones-1, Spain
Late Miocene (Vallesian, 
MN10) Fo H,  U TS
F:AM 25235 Sthenictis sp. Mustelinae Burgue Quarry, Nebraska, USA
Middle Miocene (Early 
clarendonian) Fo H, R,U, F, T TS
Sa 807 Lartetictis dubia Lutrinae San san, France Middle Miocene (MN6) B H, R,U, T Peigné, (2012)
Sa 842 Lartetictis dubia Lutrinae San san, France Middle Miocene (MN6) B H Peigné, (2012)
Sa 4403 Lartetictis dubia Lutrinae San san, France Middle Miocene (MN6) B R Peigné, (2012)
NHMW 1976/1818/0002 Trocharion albanense Leptarctini
 Devinska Nova ves  
(Slovakia) Middle Miocene (MN6) Fo H TS
NHMW 1976/1818/0003 Trocharion albanense Leptarctini
 Devinska Nova ves  
(Slovakia) Middle Miocene (MN6) Fo F TS
NHMW 1976/1818/0004 Trocharion albanense Leptarctini
 Devinska Nova ves  
(Slovakia) Middle Miocene (MN6) Fo F TS
NHMW 1976/1818/0005 Trocharion albanense Leptarctini
 Devinska Nova ves  
(Slovakia) Middle Miocene (MN6) Fo T TS
AMNH- 27430 Brachypsalis sp. Oligobuninae Santa Cruz, New Mexico, USA
Middle 
Miocene(Clarendonian) Fo R, U TS
AMNH- 27424 Brachypsalis sp. Oligobuninae Lower Santa Cruz, New Mexico, USA
Middle 
Miocene(Clarendonian) Fo F, H TS
F:AM 144536 Brachypsalis sp. Oligobuninae Echo Quarry, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo H TS
F:AM 144537 Brachypsalis sp. Oligobuninae Echo Quarry, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo H TS
F:AM 144538 Brachypsalis sp. Oligobuninae Echo Quarry, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo H TS
F:AM 144539 Brachypsalis sp. Oligobuninae Quarry 2, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo H TS
F:AM 144540 Brachypsalis sp. Oligobuninae Humburg, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo H TS
F:AM 144542 Brachypsalis sp. Oligobuninae Humburg, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo R TS
F:AM 144544 Brachypsalis sp. Oligobuninae Mill Quarry, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo T TS
F:AM 144545 Brachypsalis sp. Oligobuninae Echo Quarry, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo T TS
F:AM 144570 Brachypsalis sp. Oligobuninae Echo Quarry, Nebraska, USA
Middle Miocene(Early 
Barstovian) Fo T TS
F:AM 144530 Brachypsalis sp. Oligobuninae Greenside Quarry,  Nebraska, USA
Early Miocene (Lower 
Hemingfordian) Fo H TS
F:AM 144531 Brachypsalis sp. Oligobuninae Greenside Quarry,  Nebraska, USA
Early Miocene (Lower 
Hemingfordian) Fo H TS
F:AM 144532 Brachypsalis sp. Oligobuninae Greenside Quarry,  Nebraska, USA
Early Miocene (Lower 
Hemingfordian) Fo R TS
F:AM 144533 Brachypsalis sp. Oligobuninae Greenside Quarry,  Nebraska, USA
Early Miocene (Lower 
Hemingfordian) Fo F TS
F:AM 144534 Brachypsalis sp. Oligobuninae Greenside Quarry,  Nebraska, USA
Early Miocene (Lower 
Hemingfordian) Fo T TS
F:AM 144546 Brachypsalis sp. Oligobuninae Greenside Quarry,  Nebraska, USA?
Early Miocene (Lower 
Hemingfordian) Fo T TS
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F:AM 144535 Brachypsalis sp. Oligobuninae Nebraska, USA Early Miocene (Lower Hemingfordian)? Fo H TS
F:AM 144541 Brachypsalis sp. Oligobuninae Ravine Quarry, Nebraska, USA
Early Miocene (Lower 
Hemingfordian) Fo H TS
F:AM 144543 Brachypsalis sp. Oligobuninae Thompson Quarry, Nebraska, USA
Early Miocene (Lower 
Hemingfordian) Fo U TS
NUFV- 405 Puijila darwini Stem pinniped





mammal zones MN1-3; 
Arikareean)






AMNH- 12881 Megalictis ferox Oligobuninae Rosebud 5 , South Dakota, USA
Early Miocene 
(Arikareean Ar4) Fo H, F, T TS
F:AM 25430 Megalictis ferox Oligobuninae H. Demonolix, Nebraska, USA
Early Miocene 
(Arikareean Ar4) Fo F, T TS
F:AM 54079 Megalictis ferox Oligobuninae 16 Milles High Brown Sand, Wyoming, USA
Early Miocene 
(Arikareean Ar4) Fo F, T TS
F:AM 144568 Megalictis ferox Oligobuninae Lusk, Wyoming, USA Early Miocene (Arikareean Ar4) Fo H, T TS
F:AM 54077 Megalictis ferox Oligobuninae Lusk, Wyoming, USA Early Miocene (Arikareean Ar4) Fo T TS
FMNH P12154 Megalictis ferox Oligobuninae JM district, Wyoming, USA
Early Miocene 
(Arikareean Ar4) Fo H, R,U, F, T TS
FMNH P12135 Megalictis ferox Oligobuninae Harrison beds, Great Plains region, USA
Early Miocene 
(Arikareean Ar4) Fo H, F TS
IPUW 7516a Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo H TS
IPUW 7516b Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo H TS
IPUW 7516c Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo H TS
IPUW 7520a Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo R TS
IPUW 7520b Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo R TS
IPUW 7617a Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo U TS
IPUW 7519 a Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo F TS
IPUW 7519 b Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo F TS
IPUW 7519 c Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo F TS
IPUW 7518a Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo T TS
IPUW 7518b Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France
Early Miocene (MN2) Fo T TS
NMB S.g.7040, 1946 Potamotherium valletoni Stem mustelid
Montaigu (Saint- 
Gerand -le  -Puy), 
France




FMNH P15178 Promartes olcotti Oligobuninae Niobrara River, Sioux county, Nebraska, USA
Early Miocene 
(Arikareean Ar3) Fo H, R,U, F, T TS
FMNH P12032 Zodiolestes daimonelixensis Oligobuninae
Niobrara River, Sioux 
county, Nebraska, USA
Early Miocene 
(Arikareean Ar3) Fo H, R,U, F, T TS
UF 254906 Zodiolestes sp. Oligobuninae Miller site, Dixie Co, Florida, USA 
Hemingfordian early (19 
Ma) C H TS
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Appendix  3. Normality test and ANOVA Kruskal-Wallis 
Normality test and ANOVA Kruskal-Wallis test for the morphological indices of the living carnivorans analyzed. 
Abbreviations: BI (Brachial index), CI (Crural index), IM (Intermembral index).
Appendix 4. PERMANOVA results for the locomotor groups
PERMANOVA results for the locomotor groups related to the morphological indices of the living carnivorans 
analyzed. Abbreviations: F, F-statistics; p (same), p-value of the F-statistics.
Appendix 5. Coefficients, from the discriminant canonical variate analyses (CVA). 
Standardized canonical discriminant function coefficients, structure matrix and functions at group centroids 
derived from the discriminant canonical variate analyses (CVA). Maximun and minimum values for each variable 
and each CV highlighted in bold, which indicated the variable with more weight for each CV.
ANOVA Kruskal-Wallis test 
Shapiro-Wilk W value p-value p (same) 
BI 0.0003 < 0.05 (1.238E-28)
CI 0.0378 < 0.05 (9.792E-21)
IM 0.0007 < 0.05 (9.502E-24)0.9719
Normality Test





Total sum of squares: 5,85E+02
Within-group sum of squares: 2,09E+04
F: 66.37
p (same): 0.0001
Pairwise from One-way PERMANOVA Terrestrial Semifossorial Scansorial Arboreal Semiaquatic Cursorial 
Terrestrial - 0.0054 0.0001 0.0001 0.0001 0.0001
Semifossorial 0.0054 - 0.0001 0.0001 0.0001 0.0001
Scansorial 0.0001 0.0001 - 0.0001 0.0001 0.0001
Arboreal 0.0001 0.0001 0.0001 - 0.0001 0.0001
Semiaquatic 0.0001 0.0001 0.0001 0.0001 - 0.0001
Cursorial 0.0001 0.0001 0.0001 0.0001 0.0001 -
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Variables CV1 CV2 CV3 CV4 CV5
HTL Mos 0.447 0.097 0.45 -1.194 -0.124
Hedml.Trl  Mos 0.809 0.063 0.428 0.39 0.517
Hdml35% Mos 0.521 0.407 0.742 -0.324 -0.231
RTL Mos 0.499 0.505 0.091 -0.383 -1.092
Redml Mos 0.582 0.125 0.287 0.428 1.147
Redap Mos -0.11 0.246 0.236 0.684 0.056
UTL Mos 0.489 1.606 1.023 1.059 1.503
Uedap* Mos 0.591 0.95 1.04 0.643 0.398
FTL Mos 1.263 -0.812 0.892 0.612 0.414
Fedml Mos -0.432 0.483 0.844 0.239 0.22
Fdml Mos 0.159 0.711 0.509 -0.103 0.38
TTL Mos -0.303 -0.007 -1.088 0.745 0.991
Tedap Mos 0.585 0.736 0.703 -0.417 0.415
Tdml Mos 0.469 0.92 -0.123 0.398 -0.113
Variables CV1 CV2 CV3 CV4 CV5
RTL Mos 0.590 0.265 -0.21 -0.036 -0.048
UTL Mos 0.534 0.311 -0.224 -0.084 0.206
FTL Mos 0.436 -0.254 -0.315 -0.021 0.036
Fedml Mos -0.389 -0.061 0.095 -0.016 0.101
Fdml Mos -0.171 0.156 -0.158 -0.169 -0.123
TTL Mos 0.092 -0.033 -0.507 -0.238 0.26
Tdml Mos 0.047 0.214 -0.478 0.261 -0.303
Uedap* Mos -0.32 -0.207 0.472 0.167 0.012
Hedml.Trl Mos -0.109 -0.128 0.281 -0.028 0.005
Redml Mos 0.071 0.083 0.329 0.411 0.126
HTL Mos 0.327 -0.072 -0.199 -0.398 0.256
Redap Mos -0.194 0.024 0.288 0.392 -0.218
Tedap Mos -0.289 0.031 0.073 -0.366 0.326
Hdml35% Mos -0.007 0.133 0.245 0.060 -0.484
Locomotor group CV1 CV2 CV3 CV4 CV5
Terrestrial 0.422 -0.634 0.577 0.991 -1.106
Semifossorial -1.671 0.785 3.333 0.712 1.242
Scansorial 0.336 -2.466 -1.277 0.476 0.598
Arboreal -0.008 -2.637 0.823 -1.564 -0.272
Semiaquatic -6.787 2.562 -0.887 -0.262 -0.128
Cursorial 3.668 3.032 -0.339 -0.296 0.101
Standardized Canonical Discriminant Function Coefficients
Structure Matrix
Functions at Group Centroids
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Appendix  6. Estimated body masses based on the 17 predictive equations   
Estimated body masses (in kg) for extinct mustelids, procyonids and ailurids based on the 17 predictive equations 
selected from the OLS regression analyses. The tree first rows represent the stimation of the BM for tree living 
mustelids with specific BM know. See Table 9 text for explanation of the numbers of the multiple OLS.
Mustelid 
sample






















Tdml 1 1 2 3 4
NRM-20115498 Gulo gulo (14.800 Kg) 20.01 26.70 21.57 12.07 20.19 19.54 15.21 24.80 20.51 11.60 20.15 13.42 12.07 24.8 22.93 17.82 15.65
MNCN 21757 Martes martes (1.400 Kg) 1.56 2.17 1.51 1.86 1.74 1.56 1.49 2.10 1.52 1.59 1.62 1.66 1.86 2.1 1.74 1.56 1.43
NRM-20055051 Lutra lutra (6.320 Kg) 5.19 7.79 6.56 6.43 6.96 6.22 4.46 7.38 6.39 5.94 6.74 5.21 6.43 7.38 6.8 6.29 5.97
UF 254906 Zodiolestes sp 12.16 9.67 
FMNH P12032 Zodiolestes daimonelixensis 7.58 7.39 10.50 9.24 12.85 11.35 6.29 7.01 10.13 8.73 12.66 8.57 9.24 7.01 8.14 8.59 9.27
FMNH P15178 Promartes olcotti 2.31 2.92 2.14 2.14 1.97 1.63 2.13 2.80 2.13 1.85 1.84 1.73 2.14 2.8 2.39 2.04 1.85
IPUW 7516a Potamotherium valletoni 5.51 4.70
IPUW 7516b Potamotherium valletoni 9.28 7.56
IPUW 7516c Potamotherium valletoni 10.45 8.42
IPUW 7520a Potamotherium valletoni 11.11 10.46 10.46
IPUW 7520b Potamotherium valletoni 14.49 13.58 13.58
IPUW 7519 a Potamotherium valletoni 7.67 7.86 7.45 7.35 7.86 7.21
IPUW 7519 b Potamotherium valletoni 7.73 7.47 7.51 6.97 7.47 7.05
IPUW 7519 c Potamotherium valletoni 10.17 9.67 10.17
IPUW 7518a Potamotherium valletoni 7.36 7.14 7.15 5.84
IPUW 7518b Potamotherium valletoni 4.82 4.22
AMNH-12881 Megalictis ferox 58.93 69.66 75.52 64.03 40.64 64.75 78.10 35.78
FMNH P12154 Megalictis ferox 42.61 86.62 52.71 50.11 72.82 51.77 30.26 78.99 49.26 52.58 75.24 30.02 50.11 78.99 65.75 59.82 52.89
F:AM 144568 Megalictis ferox 64.66 64.13 105.36 44.22 66.03 53.99
F:AM 25430 Megalictis ferox 61.36 32.49 70.42 61.84 57.17 33.20 72.69 34.77 32.49 45.78
F:AM-54079 Megalictis ferox 55.56 34.09 76.01 54.53 51.87 34.93 78.63 31.33 34.09 44.52
FMNH P12135 Megalictis ferox 117.91 108.45
F:AM- 54077 Megalictis ferox 65.93 67.33 67.94 37.30
F:AM 144530 Brachypsalis sp. 21.89 16.51
F:AM 144531 Brachypsalis sp. 9.25 7.54        
F:AM 144541 Brachypsalis sp. 25.27 18.81
F:AM 144536 Brachypsalis sp. 20.79 15.75
F:AM 144537 Brachypsalis sp. 17.51 13.47
F:AM 144538 Brachypsalis sp. 36.23 26.11
F:AM 144539 Brachypsalis sp. 18.05 13.85
F:AM 144540 Brachypsalis sp. 21.49 16.23
AMNH-27424 Brachypsalis sp. 17.82 22.91 17.95 13.69 21.77 17.67 17.95 19.86
F:AM 144532 Brachypsalis sp. 16.59 15.52 15.52
F:AM 144542 Brachypsalis sp. 24.72 22.98 22.98
AMNH 27430 Brachypsalis sp. 15.67 14.67 14.67
F:AM 144533 Brachypsalis sp. 10.26 11.09 9.90 10.60 11.09 10.07
F:AM 144534 Brachypsalis sp. 18.46 21.05 18.37 14.27
F:AM 144546 Brachypsalis sp. 20.72 25.92 20.69 16.95
F:AM 144544 Brachypsalis sp. 31.54 21.87 31.85 14.73
F:AM 144545 Brachypsalis sp. 29.43 46.43 29.67 27.44
















albanense 3.19 2.04 3.03 2.08
Sa 807 Lartetictis dubia 7.57 7.12 7.17 6.90 7.17
Sa 4403 Lartetictis dubia 10.20 9.62 9.62
AMNH-25235 Sthenictis sp. 7.79 11.42 8.97 8.12 14.65 13.22 6.45 10.75 8.68 7.61 14.49 9.72 8.12 10.75 9.67 8.62 7.97
BAT-1´05.C8-22 Simocyon batalleri 44.59 31.54
B-2390 Simocyon batalleri 60.09 41.37
B-52 (6) Simocyon batalleri 119.53 108.45 108.45
B-3680 Simocyon batalleri 97.66 88.89 88.89
B-430 Simocyon batalleri 114.20 103.69 103.69
BAT-3´08. 528 Eomellivora piveteaui 51.31 35.83
OLS simple OLS multiple









piveteaui 66.72 35.68 38.85 32.92 75.58 45.50 32.99 40.13 33.28 41.03 38.85 32.99




piveteaui 40.51 38.28 35.45 37.38 36.00 36.41 35.45 37.38 37.33 37.72 37.23
BAT-3´09. 1030 Eomellivora piveteaui 37.76 38.94 37.76
BAT-3´11. 691 Eomellivora piveteaui 39.13 36.13 36.13




riparius 4.49 3.18 2.81 4.41 2.82 2.70 3.18 3.38
TM 171-01-033 Sivaonyx beyi 41.80 38.55 38.55
PQ-L 41523 Sivaonyx hendeyi 36.77 44.13 34.61 45.95 44.13 40.85
FMNH P 14342 Cyonasua brevifacies 38.68 23.79 32.73 24.37 15.46 59.34 27.71 22.13 30.88 24.45 15.31 33.60 24.37 22.13 25.88 26.68 28.18
F:AM 108052 Plesiogulo marshalli 29.75 21.82
F: AM 67650A Plesiogulo marshalli 30.37 22.24
PQ-L 40042 Plesiogulo monspessulanus 54.26 60.80 45.33 88.33 73.57 37.70 55.75 91.74 40.13 45.33 55.75
UF 100000 Enhydritherium terraenovae 25.43 23.27 21.64 31.29 28.19 21.49 18.92 21.65 20.59 31.90 28.39 14.52 31.29 21.65 21.27 24.73 25.74
DIK-78-1 Enhydriodon dikikae 243.56 147.76
DIK-41-20 Enhydriodon dikikae 136.11 107.22 124.83 117.92 107.22 130.42
DIK-44-1 Enhydriodon dikikae 167.62 153.10
Al 166-10 Huge otter (Not assigned) 148.89 122.21 136.31 135.50 122.21 146.47
OMO L183-14 Huge otter (Not assigned) 251.08 192.73 227.51 219.79 192.73 245.42
KNM-WT 37400 Huge otter (Not assigned) 129.68 81.36 119.05 87.96 81.36 110.08
USNM 23266 Satherium piscinarium 17.98 24.61 15.16 89.57 16.80 23.35 14.77 47.22 15.16 16.80 19.50 17.82 18.90
AMNH 89785 Ferinestrix vorax 31.02 28.26 29.30 28.62 28.26 29.58
UF 234500 Trigonictis macrodon 4.49 6.08 4.77 4.18 4.63 4.91 3.91 5.78 4.67 3.76 4.44 4.29 4.18 5.78 5.14 4.40 4.02
F:AM 117088 Gulo gulo (Rancholabrean) 26.69 19.77
F:AM 117087 Gulo gulo (Rancholabrean) 27.57 25.59 25.59
F:AM 117886 Gulo gulo (Rancholabrean) 10.30 9.24 9.95 8.74 9.24 9.18
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Atendiendo a las hipótesis y objetivos planteados en la presente Tesis Doctoral y en función 
de los resultados obtenidos, se formulan las siguientes conclusiones divididas en dos apartados 
principales: conclusiones sistemáticas y filogenéticas, y conclusiones paleobiológicas.
I. Conclusiones Sistemáticas y Filogenéticas
Géneros Megalictis, Aelurocyon y Paroligobunis
Los nuevos ejemplares descritos de Megalictis ferox Matthew, 1907 F: AM 54079, F: AM 
25430 y AMNH 54076, aportan información muy valiosa sobre la morfología de la especie. 
La revisión del género realizada valida parcialmente la hipótesis de Hunt y Skolnick (1996), 
que postularon que ambos holotipos M. ferox AMNH 12880 y Aelurocyon brevifacies CM 1590 
representan el mismo taxón, y por tanto, este último es sinonimizado con M. ferox. 
Se sinonimiza el género Paroligobunis con Megalictis y se argumenta la existencia de tres 
especies pertenecientes al género Megalictis durante el Mioceno inferior de América del Norte, 
incluidos en el intervalo correspondiente al Arikareense (Ar3 y Ar4): (1) Para el Arikareense 
(Ar3) se reconoce a M. frazieri de Florida, USA y a M. simplicidens de Nebraska, USA; (2) Para 
el Arikareense (Ar4) se incluye a M. ferox en Nebraska, Dakota del Sur y Wyoming y una forma 
dudosa tentativamente clasificada como “M”. petersoni de Wyoming, USA. Por tanto, se refuta 
la hipótesis de Hunt y Skolnick (1996) sobre la existencia de la cronoespecie M. ferox para el 
Arikareense (Ar3 y Ar4).
El análisis cladístico sugiere que M. ferox es el taxón hermano del clado compuesto por 
M. simplicidens-M. frazieri. Adicionalmente, nuestra hipótesis filogenética soporta que la 
subfamilia Oligobuninae es un mustélido troncal, estando más estrechamente emparentados con 
los mustélidos actuales que con los mefítidos, prociónidos y ailúridos aquí analizados. Por tanto, 
se define el término Mustelidae como el clado total que incluye al grupo corona (crown group) 
de Mustelidae — definido por Wolsan y Sato (2010) como el clado más pequeño que engloba a 
Mustela erminea y Taxidea taxus — más el clado troncal (stem group) de los Oligobuninae. Esta 
hipótesis refuerza las opiniones de numerosos investigadores como Baskin (1998), Wang et al. 
(2005) y Finarelli (2008), y contradicen a Wolsan (2005) y Sato et al., (2009), siendo para ellos 
un grupo de musteloideos troncales.
Géneros Iberictis y Plesiogulo
Se reconoce el primer registro en la Península Ibérica del mustélido Iberictis buloti a partir 
de restos fósiles del Mioceno inferior (MN4) de els Casots (Cuenca del Vallès-Penedès). Hasta 
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ahora solo se conocía en la Península Ibérica a la especie Iberictis azanzae en la Cuenca de 
Calatayud-Teruel del Mioceno inferior (MN4).
La muestra de I. buloti de els Casots, incluye material más abundante que la localidad tipo 
de la especie, Pellecahus (MN4, Francia), lo cual ha permitido realizar un análisis cladístico, y 
considerar cuál es su relación con el linaje de los glotones actuales (tribu Gulonini), representado 
en la actualidad únicamente por la especie Gulo gulo.
El análisis cladístico realizado con los principales mustélidos de tamaño mediano y gigante 
del Mioceno de Eurasia, África y Norte América — excluyendo a Oligobuninae y Lutrinae — así 
como con mustélidos actuales, indican que el linaje de los glotones es bastante más antiguo de 
lo que se pensaba previamente (Plioceno superior). Concretamente, Iberictis emerge como el 
miembro más antiguo de los Gulonini — Iberictis, Plesiogulo y Gulo— retrasando el origen del 
clado al Mioceno inferior (16.5-16.3 Ma).
Iberictis se sitúa como el género hermano del mustélido gigante del Mioceno superior 
Plesiogulo —P. crassa, P. monspessulanus, P. marshalli, y P. lindsayi—, hipótesis previamente 
sugerida por Ginsburg y Morales (1992). Por consiguiente, ninguna de las especies de Plesiogulo 
analizadas, representa un antepasado directo del glotón actual Gulo. 
Se propone la reorganización a nivel subfamiliar de los mustélidos gigantes del Mioceno: 
(1) Guloninae: Dehmictis e Ischyrictis (Ischyrictini), junto con Iberictis y Plesiogulo (Gulonini); 
(2) Mellivorinae: Ekorus y Eomellivora, pudiendo ser interpretado Hoplictis como un mellivorino 
basal con afinidades con los Mustelinae (representados aquí por Mustela). Por tanto, queda 
refutada la hipótesis de Ginsburg y Morales (1992) sobre la relación directa de Ischyrictis y 
Eomellivora.
Eomellivora
Se han determinado como Eomellivora piveteaui, Ozansoy, 1965, los restos fósiles del 
mustélido gigante encontrado en Cerro de los Batallones (Torrejón de Velasco, Madrid, España, 
Mioceno superior, MN10). Estos fósiles contribuyen al conocimiento completo de esta especie, 
y permiten precisar su diagnosis.
El rango estratigráfico de E. piveteaui, conocido previamente solo en la zona MN9 de 
Europa y Turquía, se amplía a la zona MN10.
El nuevo material de Cerro de los Batallones ha permitido realizar una comparación en 
detalle con todas las especies del género publicadas hasta el momento, llevándonos a aceptar 
como especies válidas a E. piveteaui, E. wimani, E. ursogulo y E. hungarica. Esto implica 
refutar la hipótesis de Wolsan y Semenov (1996), los cuales defienden la existencia de una sola 
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cronosubespecie para todo el Mioceno superior: E. wimani piveteaui para las zonas MN9-10 y 
E. wimani wimani para MN11-13.
Por primera vez, mediante análisis cladísticos se confirma que Eomellivora es el taxón 
hermano del actual ratel (Mellivora capensis), y por tanto se clasifica como un mellivorino. 
Igualmente nuestros resultados indican que E. piveteaui tuvo un antepasado común con el clado 
Turoliense y Ventiense formado por E. wimani-E. ursogulo.
Hadrictis 
La especie Hadrictis fricki Pia, 1939 de las localidades austriacas de Wien XII-Altmannsdorf 
y Gaiselberg del Vallesiense inferior (MN9) se puede referir al género Eomellivora, y por lo tanto 
se sinonimiza Hadrictis con Eomellivora. 
Eomellivora fricki constituye la especie de Eomellivora más grande, así como una de las 
más primitivas, y muestra la complejidad del género, en el que especies más grandes (E. fricki) y 
relativamente más pequeñas (E. piveteaui) fueron contemporáneas desde el Vallesiense inferior. 
Por primera vez, se determina que el mustélido gigante de Kenia Ekorus ekakeran es un 




El cráneo y mandíbula pertenecientes al espécimen de M. ferox F: AM 25430, representan 
sin lugar a dudas, los restos craneales y mandibulares de un mustélido gigante más completo 
y mejor conservado del registro fósil. Basándonos en el tamaño del cráneo de los mustélidos 
gigantes mejor preservados, M. ferox puede considerarse como el mustélido terrestre gigante más 
grande, incluso mayor que los mustélidos gigantes del Mioceno superior Ekorus, Eomellivora y 
Plesiogulo. 
El nuevo material descrito de M. ferox arroja luz sobre una nueva interpretación 
paleobiológica para esta especie. Se sugiere que posee adaptaciones para triturar huesos y por 
ello, inferimos un ecomorfotipo análogo a las hienas actuales, en contraposición al ecomorfotipo 




Los gulonini analizados (Iberictis, Plesiogulo y Gulo) poseen una dentición robusta que 
puede ser interpretada como adaptada para romper huesos. Se describen dos formas principales: 
1) Iberictis y Plesiogulo, se caracterizan por la presencia de largos m1 y M1 y robustos P4. Parte 
de estas características están presentes en carnívoros actuales oportunistas (cánidos), los cuales 
han aumentado su superficie de trituración, y rompen los huesos con la dentición carnicera y los 
molares postcarniceros; (2) Gulo, presenta un acortamiento característico del talón y talónido 
del M1 y m1, así como un engrosamiento del trigónido del m1 y un acortamiento del hocico, el 
cual hace que aumente considerablemente la fuerza del mordisco al nivel de las piezas carniceras 
(Valenciano et al., 2016b).
Debido a las similitudes morfológicas en la dentición entre Plesiogulo y Gulo, así como la 
talla y robustez de sus premolares, se sugiere que Plesiogulo pudo ser un carnívoro oportunista 
capaz de procesar huesos eficientemente como hace el actual glotón. En cambio Iberictis posee 
una especialización menos evidente que su grupo hermano, aunque una morfología dentaria 
similar, así como un patrón horizontal de desgaste de los premolares encontrado en varios 
ejemplares, que indica que podrían consumir alimentos duros al igual que ocurre en los chacales 
actuales.
Eomellivora piveteaui
Eomellivora piveteaui fue un mustélido gigante adaptado a una dieta más hipercarnívora 
que las otras especies del género, aunque también muestra algunas adaptaciones para triturar 
huesos o procesar las carcasas (robustos P3-4). Además, se sugiere que E. piveteaui pudo haber 
tenido un papel de depredador activo en el ecosistema, aprovechando tanto a presas pequeñas 
como relativamente grandes. Recientemente, se ha demostrado en un estudio de isótopos 
estables en carnívoros y herbívoros de Batallones, que E. piveteaui mostraba una preferencia 
de presas hacia el équido hipparionino Hipparion sp. (Domingo et al., 2016). Por tanto, estos 
nuevos datos no entran en conflicto con nuestra hipótesis sobre la dieta de E. piveteaui, ya que 
podría cazar crías de Hipparion sp. o carroñear en las carcasas de esta especie.
II. Locomoción y peso corporal
Los análisis de las medidas lineales, realizadas en el capítulo 7, revelan cómo el esqueleto 
de las extremidades, refleja los comportamientos locomotores y peso corporal en los carnívoros 
actuales. La aplicación de estos análisis en mustélidos, prociónidos y ailúridos gigantes del 




Se demuestra que las ecuaciones predictivas generadas aquí, basadas en restos postcraneales, 
resultan muy útiles y precisas para inferir el peso corporal de los musteloideos extintos. Por ello 
se recomienda su uso siempre que haya restos postcraneales disponibles. 
Estas ecuaciones predictivas nos permiten proponer una nueva definición de mustélido 
gigante y por ende de musteloideo: (1) para taxones extintos que se puedan incluir en alguna 
subfamilia actual de Mustelidae, Ailuridae o Procionidae sería la siguiente: musteloideo extinto 
con una masa corporal estimada igual o mayor del doble de la masa de las formas vivas más 
grandes de sus propias subfamilias; (2) en el caso de los musteloideos troncales o formas con 
relaciones taxonómicas inciertas la definición sería: taxones extintos con una masa corporal 
estimada igual o mayor del doble de la masa del mustélido vivo terrestre más grande (Gulo 18 
kg).
El gigantismo en mustélidos aparece muy pronto en la historia evolutiva del grupo y se ha 
producido en varias radiaciones independientes en Norteamérica, Eurasia y África durante el 
Neógeno y el Cuaternario.
El intervalo de mayor diversidad de musteloideos gigantes se produce durante el 
Mioceno superior en las familias Ailuridae — Simocyon —, Mustelidae — Ekorus, Enhydriodon, 
Enhydritherium, Eomellivora, Plesiogulo, Sivaonyx, y Torolutra—, y Procyonidae — Arctonasua 
en América del Norte, y el grupo de América del Sur Cyonasua que incluye a Cyonasua durante 
el Mioceno Superior-Plioceno y Chapalmalania en el Plioceno.
La diversidad actual de los musteloideos es sólo un reflejo de la que tuvo el grupo en 
el pasado. Nuestros resultados demuestran que varios ecomorfotipos únicos de  musteloideos 
gigantes evolucionaron a través del Neógeno, siendo diferentes de cualquier carnívoro actual:
(1) Mioceno inferior de las Grandes Llanuras de América del Norte: Megalictis ferox fue 
un mustélido primitivo del tamaño de un puma con características que indican un modo de vida 
mixto entre terrestre y semiexcavador y con una dentición adaptada a triturar huesos. 
(2) Mioceno superior del Hemisferio Norte y África: Hubo parientes del actual ratel del 
tamaño de lobos, leopardos y hienas, con una dentición bastante hipercarnívora y adaptaciones 
a la carrera (Ekorus y Eomellivora); parientes del glotón actual del tamaño de lobos y hienas 
(Plesiogulo); así como ailúridos del tamaño de un leopardo (Simocyon) con una dieta inferida 
mucho mas carnívora que su pariente actual virtualmente herbívoro Ailurus.
(3) Límite Mioceno superior-Plioceno de América del Sur: prociónidos del tamaño de 
hienas rayadas (Cyonasua) y mucho mayores (Chapalmalania) relacionados con los actuales 
mapaches y coatíes, y con una locomoción probablemente terrestre.
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(4) Plioceno superior: miembros de la tribu Enhydriodontini con una dentición bunodonta, 
habitaron África, y alcanzaron tamaños similares e incluso mayores a los osos negros actuales; 
siendo nutrias algo más terrestres que las  actuales, aunque asociadas siempre a grandes cuerpos 
de agua.
(5) Plioceno superior de la región Holártica: Ferinestrix, fue un melinae gigante con una 
dentición similar al glotón, y con una masa estimada similar a los licaones machos y Enhydra.
El estudio de los mustélidos gigantes del Neógeno realizados en la presente Tesis Doctoral, 
ha puesto de manifiesto la gran diversidad que estas formas han tenido en los ecosistemas 
pasados. Los estudios taxonómicos, sistemáticos y paleobiológicos aquí presentados, muestran 
un aumento considerable en el conocimiento de los mustélidos gigantes en sus diferentes 
subfamilias. Sin embargo, nuevas preguntas se plantean y con ellas, nuevos logros por alcanzar. 
Una vez sentadas las bases taxonómicas y sistemáticas y tras concretar qué es un mustélido 
gigante, nos encontramos en un escenario nuevo e inexplorado en el que abrir nuevas campos de 
investigación. Entre ellos, destacan conocer mejor los papeles que desempeñaron estas formas 
en los ecosistemas. Para conseguir esto, es fundamental conocer los patrones de extinción y 
diversificación en los musteloideos gigantes del Neógeno, con el fin de tratar de relacionarlos 
con los cambios ambientales y/o inferir posibles reemplazamientos. Igualmente, es necesario 
describir y estudiar los restos del esqueleto postcraneal de estas formas, con el objetivo de 
conocer mejor, entre otras cuestiones, su locomoción. Especialmente interesante resulta el 
estudio descriptivo ya empezado, sobre el esqueleto postcraneal de Eomellivora piveteaui de 
Batallones, el cual proporcionará nuevos datos que apoyen los resultados obtenidos en el capítulo 
7. Paralelamente, futuros trabajos relacionados con metodologías más analíticas e integradoras 
como es la morfometría geométrica, aplicadas al esqueleto craneal y postcraneal, resultarán muy 
importantes, ya que es una técnica complementaria a los estudios aquí presentados. También es 
necesario incrementar el conocimiento sobre la dieta de estas formas gigantes, con el objetivo de 
caracterizar y comprender las posibles diferencias en la dieta entre los taxones aquí analizados, 
donde predominan formas más generalistas y durófagas que hipercarnívoras. Los trabajos ya 
comenzados sobre inferencias en la fuerza del mordisco en mustélidos gigantes del Neógeno, en 
el que se analizan formas hipercarnívoras, generalistas y durófagas, revelan el potencial de este 
campo de investigación. 
Por último, para finalizar esta tesis doctoral, me gustaría indicar desde un punto de vista 
más personal, que si se ha puesto de manifiesto la existencia e importancia que han tenido estas 
formas gigantes en los ecosistemas pasados, se habrá cumplido el objetivo planteado a lo largo 
de estos años. Este objetivo, se centraba en reconocer la importancia de estas formas gigantes 
que desde mi punto de vista — probablemente subjetivo y sesgado hacia los mustélidos—, 
representan a los grandes carnívoros olvidados del registro fósil, así como recalcar que durante 
el Neógeno además de grandes cánidos, félidos, osos, anficiónidos, hiénidos o tigres dientes 
de sable, existieron formidables mustélidos de talla gigante, los cuales aún extintos hoy en día, 
tienen mucho que decirnos.
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